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from the Baoshan block, west Yunnan, southwest China. Alcheringa 29, 31-85. ISSN 
0311-5518. 
38 brachiopod species in 27 genera nd subgenera are described from the Yudong Formation 
in the Shidian-Baoshan area, west Yunnan, southwest China. New taxa include two new 
subgenera: Unispirifer (Septimispirifer) and Brachythyrina (Longathyrina), a d seven 
new species: Eomarginifera yunnanensis, Marginatia cylindrica, Unispirifer (Unispirifer) 
xiangshanensis, Unispirifer (Septimispirifer) wafangjieensis, Brachythyrina 
(Brachythyrina) transversa, Brachythyrina (Longathyrina) baoshanensis, and Girtyella 
wafangjieensis. Based on the described material and constraints from associated coral 
and conodont faunas, the age of the brachiopod fauna from the Yudon Formation is 
considered late Tournaisian (Early Carboniferous), with a possibility extending into 
early Visran. 
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Melbourne Campus, 221 Burwood Highway, Burwood, Victoria 3125, Australia; Z.Q. 
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Perth, Australia;Li-Pei Zhan, Institute of G ology, Chinese Academy of Geological 
Sciences, Beijing 100037, China; received 12.11.2003, revised 27,6.2004. 
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THE BAOSHAN BLOCK in western Yunnan of 
southwest China (Fig. 1B) has received 
considerable attention from geologists in the past 
two decades because of the discovery of pebbly 
mudstones and diamictites of supposedly 
glaciomarine and Gondwanan origin (e.g. Wang 
1983, Guo 1985, Yang &Yan 1990, Jin 1994, Fang 
& Fan 1994) and the discovery of marine 
invertebrate faunas and palynomorphs of 
Gondwanan affinities (Deng et al. 1983, Cao 1986, 
Fang & Fan 1994, Shi etal. 1995, 1996, Nie etal. 
1997, Gab 1998, Wang X. D. et al. 2000, Wang X. 
L. et al. 2000, Wang, Sugiyama & Fang 2001, 
Wang, Ueno, Mizuno & Sugiyama 2001). 
However, much of the palaeontological and 
biostratigraphical research in this area has 
concentrated on Permian deposits and 
0311/5518/2005/01031-55 $3.00 © AAP 
associated faunas, whereas th  Carboniferous 
has only attracted few systematic studies. 
Reed (1927) was first to describe some 
Carboniferous marine invertebrate fossils, 
including brachiopods, collected by C. Brown 
from a few scattered localities in the Baoshan 
block. Wang (1945) also surveyed the area nd 
mentioned the presence of a 'Mappingian' (now 
mostly Early Permian) brachiopod fauna. Jin & 
Fang (1983) described a brachiopod fauna 
consisting of 15 species in 13 genera from the 
Shidian area ofthe Baoshan block (Fig. 1C) and 
suggested a latest Tournaisian to earliest Vis6an 
age for the brachiopod fauna. Jin (1985) 
proposed three brachiopod assemblages, all of 
Tournaisian age, and provided brief descriptions 
for 15 species from the Qingshuigou area of the 
Baoshan block (Fig. 1C). Jin (1987) described 
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another Early Carboniferous brachiopod fauna 
comprising eight species in seven genera from 
the Shidian area and established fourbrachiopod 
assemblages of Tournaisian to Vis6an age. Jiang 
(1997) provided an overview of the Lower 
Carbon i fe rous  chronost ra t ig raphy  of  the 
Baoshan block with particular eference to the 
brach iopod faunas,  and proposed  three 
brachiopod assemblages: one assigned to the 
latest Tournaisian, and the other two to the lower 
and upper Vis6an respectively. In the same paper, 
Jiang (1997) illustrated 46 brachiopod species 
including three new species, but none of  these 
was systematically described. 
The present paper is the first study that 
combines brachiopod material from both the 
Fig. t. Tectonic outline and 
location of the study area in 
the Baoshan block, west 
Yunnan, SW China. A, 
General index map showing 
the study area in China. 
B,Tectonic outline map of 
west Yunnau showing the 
three main tectonic blocks 
(Tengcheng, Baoshan and 
Simao blocks), and the area 
of study (shaded) within the 
Baoshan block. C, Detailed 
map showing the locations f 
10 Km the collection localities 
I ~  referred to in text (marked 
by stars). 
Baoshan and Shidian areas of the Baoshan block 
(Fig. 1). Although the faunas described below come 
from one formation, the size of these collections 
combined is much larger than any collections 
previously described from the Lower Carboniferous 
of this block. These collections therefore nable 
us to revise and further refine the brachiopod-based 
Lower Carboni ferous  b iost rat igraphy and 
chronostratigraphy of the Baoshan block and its 
significance for regional and global correlations. 
Stratigraphy and the collections 
Three collections are described in this paper: 
one was made by one of the authors (LPZ) in 
1961 from a Lower Carboniferous outcrop near 
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Species Wafangj ie  Pumenqian Xiangshan Yudong 
d cuminothyris sp. 
Brachythyrina (Brachythyrina) transversa sp. nov. 
Brachythyrina (Brachythyrina) sp. 
Brachythyrina (Longathyrina) baoshanensis subgen, et. sp. nov. 
Brachythyris peculiaris (Shumard) 
Brochocarina wexfordensis (Smyth) 
Careoseptum tibetensis (Yang & Fan) 
Cleiothyridina minilya Thomas 
Cleiothyridina subqualis Jin & Fang 
Cleiothyridina tenuilineata (Rowley) 
Composita athabaskensis Warren 
Dictyoclostus triznae Sarycheva 
Eomarginifera yunnanensis sp. now 
Girtyella wafangfieensis p. nov. 
Hemiplethorhnychus? sp. 
Lamellosathyris lamellosa (de Koninck) 
Leptagonia analoga (Phillips) 
Mesochorispira shidianensis (Jin & Fang) 
Marginatia burlingtonensis (Hall) 
cylindrica sp. nov. 
Mucrospirifer bella Jin & Fang 
Podtshermia? ff. thomasi Roberts 
Productina? sp. 
Rhipidomellayunnanensis Ji  & Fang 
R. michelimi (L6veill6) 
R. sp, 
Rotaia subtrigona (Meek & Worthen 
Rotaia sp. 
Rugosochonetes obtectus Roberts 
Setigerites setigerus (Hall) 
Stegacanthia strigis Roberts 
S bowsheri Muir-Wood & Cooper 
Syringothyris extenuata (Hall) 
Syringothyris texta (Hall) 
Tylothyris laminosa (M'Coy) 
Unispirifer (Atylephorus) aft. tornacensis (de Koninck) 
U. (Septimispirifer) wafan~ieensis p. nov. 
U. (Septimispirifer) robusta Jin & Fang 
U. (Septimispirifer) septimus Thomas 
Unispirifer (Unispirifer) striatoconvolutus (Dun & Benson) 
Unispirifer ( Unispirifer) xiangshanensis p. nov. 
x # 
x 
# # # 
x 
X 
x # # # 
x 
x # 
x 
x 
x # 
x x 
x # 
x 
x # 
x # 
x x # 
x 
x # 
x 
X x 
# # 
x # 
# # 
# # 
Table 1. Consolidated list of Early Carboniferous brachiopod species known from the Yudon Formation in the 
Baoshan and Shidian areas, Baoshan block, western Yunnan (i cluding new and other species described in this paper 
and those, marked by #, reported by Jin & Fang [1983], Jin [1985] and Jiang [1987] but not seen in the present study). 
Wafangj ie Vil lage about 27 km northwest of  the 
Baoshan City (Fig. 1C); the second and third 
col lect ions were made by Dr. Hou Hong-fei  of  
the Chinese Academy of  Geological  Sciences 
(Beijing) in 1981 respectively from the Xiangshan 
section in the Shidian area and the Pumenqian 
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section near Pumenqian (Fig. 1C). All three 
collections came from the Yudong Formation, 
the lowermost unit in the Lower Carboniferous 
succession of the study area (Duan 1973, 1985, 
Geological Survey ofYunnan 1980). 
The Yudong Formation was first proposed 
by Duan (1973) as a member of the Tournaisian 
Stage in the study area and later raised to 
formation rank by Chen (1984) and Duan (1985). 
The Yudong Formation is typically exposed at 
the Yudong section (type section) near Youwang 
about 21 km north of Shidian (Fig. 1C). At the 
type section, the Yudong Formation is 36.01m 
thick and dominated by thin- to medium-bedded 
micritic limestone and bioctastic limestone (Fig. 
2). It rests paraconformably on the Upper 
Devonian Dazaimen Formation and is 
conformably overlain by the Vis6an Shihuadong 
Formation. Marine invertebrate fossils occur 
throughout the Yudong Formation, including, 
notably, conodonts, brachiopods, rugose corals, 
and crinoids, as well as sporadic occurrences of
bivalves and gastropods (Fig. 2). The Yudong 
Formation iswidely distributed inthe study area 
and has been measured from several sections in 
both Baoshan and Shidian areas (Wang et al. 
1993, Jiang 1997). Although the lithological 
succession of the Yudong Formation remains 
largely stable across the study area, its thickness 
varies greatly. In general, the formation tends to 
thicken northwards and eastwards from its type 
area. In the Qingshuigou area northeast of the 
Baoshan City (Fig. 1C), the lowermost 
Carboniferous unit has been named the 
Qingshuigou Formation (Jin 1985), which is in 
part equivalent to the Yudong Formation but 
attains a much greater thickness (> 313m) and 
contains a greater amount of sandy bioclastic 
limestone (Wang et al. 1993). 
The brachiopod collection from the 
Wafaflgjie locality was collected from a single 
outcrop in 1961. At the time of collecting, no 
attempt was made to measure the section due to 
the reconnaissance nature of the fieldwork but, 
according to lithological correlation and the 
collector's (LPZ) personal field observation, the 
Wafangjie outcrop can be assigned to the 
Yudong Formation. The collection from the 
Xianhgshan section was made from an 18.6 m 
thick interval of gray thin- to medium-bedded 
bioclastic and micritic limestone of the Yudong 
Formation (Fig. 2). The lithological succession 
of the Yudong Formation at this section can be 
closely compared with that of the same formation 
at the Yudong section (Fig. 2). The third 
collection, from the Pumenqian section located 
in the vicinity of the Pumenqian Village (Fig. 1C), 
came from a 35.40 m interval of dark gray medium- 
to thick-bedded micritic and bioclastic limestones 
(Jiang 1994) (Fig. 2). 
Age of the brachiopod fauna 
To date, brachiopod faunas of the Yudong 
Formation have been reported and described 
from four localities in the Baoshan and Shidian 
areas, three of which are dealt with in this paper 
and the fourth, from the Yudong section (Fig. 
1C), has been documented byJin & Fang (1983). 
The brachiopod fauna from the Yudong 
Formation is diverse, comprising 40 species in 
28 genera nd subgenera (Table 1). These include 
the thirty-eight species described in this paper 
and three other species described from the same 
formation by previous workers but not present 
in our collections. The latter three species are 
nevertheless also included here for the purpose 
of discussing the age of the brachiopod fauna 
of the formation as a whole. 
As shown in Table 1, 20 of the 41 species o 
far known from the Yudong Formation are shared 
between two or more of the four localities in 
question, including some highly abundant 
species such as Marginat ia  bur l ingtonensis 
Fig. 2. Lateral correlation of the Early Carboniferous sequences in the Baoshan-Shidian areas, west Yunnan [The 
lithological data of the Xiangshan and Yudong sections are adopted from Li & Duan (1993) and Wang et al. (1993), 
and that of the Pumenqian section is from Jiang (1994)]. l, micritic limestone. 2,crystalline limestone. 3,bioclastic 
limestone. 4, limestone with flint nodules. 5, limestone with flint bands. 6, marl or marlite. 7, sandy limestone. 8,
nodular limestone. 9, sandstone. 10. brachiopods. II, corals. 12, trilobites. 13, crinoids. 14, foraminifers. 15, 
conodonts. 16, algae. 17, plant remains. 18, paraconformity. 
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(Hall), Rhipidomella yunnanensis Jin & Fang, 
Unispirifer (Atylephorus) aft. tornacensis (de 
Koninck), and Syringothyris texta (H ll). For this 
reason, the brachiopods from the various 
localities of the Yudong Formation have been 
treated by previous workers as one fauna or 
assemblage (Jin 1987, Jiang 1997), an approach 
which is also adopted here. 
The age of the Yudong brachiopod fauna may 
be considered in reference to its most common 
and abundant species. Among the named 
brachiopod species, Tournaisian forms appear 
dominant. For instance, Unispirifer (Unispirifer) 
striatoconvoIutus (Dun & Benson, 1920) is 
characteristic of the Tournaisian of New South 
Wales, Australia (Campbell 1957); Rugoso- 
chonetes obtectus (Roberts, 1971) is elsewhere 
known only from the Tournaisian of the 
Bonaparte Basin (Roberts 1971); and Unispirifer 
(Atylephorus) tournacensis (de Koninck, 1883) 
is one of the diagnostic forms forthe middle and 
late Tournaisian i  most areas of Europe and 
Asia. In addition, Brachythyris peculiaris 
(Shumard, 1853), Syringothyris extenuate (Hall, 
1858), and S. texta (Hall, 1857), all originally 
known from the Burlington Limestone and the 
Fern Glen Formation in the Mississippi Valley of 
America (Weller 1914, Carter & Carter 1970), are 
widely present i  he Tournaisian strata of Russia 
and China (e.g. Sarycheva et al. 1963, Yang 1964, 
Jiang et al. 1991). Marginatia burlingtonensis 
(Hall, 1858), originally described from the 
Burlington Limestone of the Mississippi Valley 
(Weller 1914, Carter 1988), has also been reported 
from the late Tournaisian of the Kuznetsk Basin 
(Sarycheva et al. 1963), the upper Meiluke 
Formation of the Tournaisian in the northern 
Tienshan Mountains, Xinjiang of northwest 
China (Yang 1964), and the Tournaisian 
Liujiatang Formation of central Hunan in South 
China (Shi 1988). Setigerites setigerus (Hall, 1858) 
is extensively distributed in the Keokuk 
Limestone (Tournaisian), and also known in the 
upper Tournaisian of the Kuznetsk Basin 
(Sarycheva et al. 1963). Dictyoclostus triznae 
Sarycheva, 1963 is frequently present in the upper 
Tournaisian i  the Kuznetsk Basin (Sarycheva 
et al. 1963) and the Urals (Nalivkin & Fotiyeva 
1973, Nalivkin 1979), and has also been 
documented from the Tournaisian Cheng- 
qianggou Formation of the southern Qilianshan 
Mountains in northwest China (Jin et al. 1979), 
the Tournaisian Bojiwan Formation of western 
Guizhou in South China (Wu etal. 1974). Rotaia 
subtrigona (Meek & Worthen, 1861) was 
originally known from the Toumaisian of North 
America (Weller 1914), but has since also been 
found in the Tournaisian strata of Siberia 
(Sarychvea t al. 1963), the Urals (Nalivkin 1937), 
the Tienshan Mountains (Yang 1964) and Tibet 
(Yang & Fan 1983). Composita thabaskensis 
Warren, 1932 is a characteristic form of the Banff 
Formation (middle Tour.naisian) in Alberta, 
Canada (Carter 1987). 
Although Tournaisian brachiopods dominate 
in the Yudong Formation, the fauna includes a 
few species of clearly Visran aspects. For 
example, Leptagonia naloga (Phillips, 1836) is 
widely known as a characteristic early Visran 
form (Brunton 1968). Stegacanthia strigis 
Roberts, 1971 and Podtshermia? aft. thomasi 
Roberts, 1971 are both elsewhere knownfrom 
the Visran of the Bonaparte Basin, northwest 
Australia (Roberts 1971). Brochocarina 
wexfordensis (Smyth, 1930) has been reported 
widely from the Visran of England (Brunton 
1966), the Moscow Basin (Sarycheva & 
Sokolskaya 1952) and Belgium (Demanet 1934). 
Tylothyris laminosa (M'Coy, 1841) is also well 
known from the Visran of Europe and Asia 
(Sarycheva etal. 1960; Brnnton 1984). 
Thus, overall the Yudong brachiopod fauna 
is a transitional type between the Tournaisian 
and Visran, although it is dominated by late 
Tournaisian elements. In this view, therefore, we 
suggest a late Tournaisian age for the Yudong 
brachiopod fauna. This conclusion is in 
agreement with previous studies (Jin & Fang 
1983, Jin 1985, 1987, Jiang 1994, 1997) and is also 
reinforced by the associated coral Z phrentites 
parallelus-Saleelasma hadrotheca Assemblage 
(Wang et al. 1993), conodonts of the Gnathodus 
ps udosemiglaber Zone (Li & Duan 1993) and 
the Scaliognathus anchoralis Zone (Sevastopulo 
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et al. 2001), and some foraminifers [Priscella 
prisca (Rauser-Chernonssova & Reitlinger), 
Pseudoarnodiscus p., Endothyra exel ikta 
(Conik & Lys), Archaediscus sp. (Jiang 1997)], all 
of Tournaisian (mostly late Tournaisian) age. 
Systematic palaeontology 
All morphologic terms in current use follow 
those of Brnnton et al. (1996) and Williams & 
Brunton (1997). The supra-ordinal classification 
follows Williams et al. (1996). Classifications of
the Chonetidina, Productidina, Orthotetidina, 
Orthida, Rhynchonellida, Spiriferida, and 
Athyridida re after Racheboeuf (2000), Brunton 
et al. (2000), Williams & Brunton (2000), Williams 
& Harper (2000), Savage t al. (2002), Carter et 
al. (1994), and Alvarez & Rong (2002), 
respectively. 
Given the large number of species dealt with 
in this paper, full descriptions are provided only 
for new species, while full remarks are given to all 
existing species. With some existing species, 
however, an additional, extended iagnosis and, 
in a few cases, some brief descriptions, are also 
provided where necessary to clarify the key 
features of the species concerned using the 
material in hand. 
All described specimens are housed in the 
Department of Invertebrate Palaeontology, 
Museum of Victoria (NMV P), Melbourne, 
Australia. 
Phylum BRACHIOPODA Dum6ril, 1806 
Subphylum RHYNCHONFI J JFORMEAWtUiams, 
Carlson, Brnnton, Holmer & Popov, 1996 
Class STROPHOMENATA Williams, Carlson, 
Brunton, Holmer & Popov, 1996 
Order ORTHOTETIDA Waagen, 1884 
Suborder ORTHOTETIDINAWaagen, 1884 
Superfamily ORTHOTETOIDEAWaagen, 1884 
Family ORTHOTETIDAE Waagen, 1884 
Brochocarina Brnnton, 1968 
Type species. Schuchertella wexfordensis Smyth, 
1930. 
Brochocarina wexfordensis (Smyth, 1930) (Figs 
3N-P, 4) 
1930 Schuchertella wexfordensis Smyth, p. 555, pl. 20, 
fig. 5-9. 
1934 Schuchertella wexfordensis Smyth; Demanet, p.
94-95, pl. 9, figs 4-12. 
1968 Brochocarina wexfordensis (Smyth); Brunton, p. 
34-39, pl. 4, figs 24-26; pl. 5, figs 1-23. 
1974 Schuchertella magna Tolmatchoff; Jin & Liao, p. 
276, pl. 146, figs 26-27. 
1979 Schuchertella magna Tolmatchoff; Jin et al., p. 
77, pl. 22, fig. 21. 
1983 Schuchertella subplanata Jin & Fang, p. 144, pl. 
1, figs 4-6. 
1983 Schuchertella magna Tolmatchoff; Jin & Fang, p. 
144, pl. 1, figs 7-8; pl. 3, figs 1, 6-7. 
1997 Brochocarina wexfordensis (Smyth); Jiang, pl. 1, 
figs 5-8. 
Material. One complete shell with both valves 
conjoined (NMV P307910) from the Pumenqian 
section; one dorsal valve external mould (NMV 
P307911) and a dorsal valve fragment (not 
figured) from the Xiangshan section. 
Diagnosis. Brochocarina with subquadrate o
semicircular outline, length about two-thirds 
maximum width; radial ornament parvicostellate, 
costellae unevenly spaced, commencing atbeak, 
numbering 6 per 2.5 mm near midvalve, 
interrupted by occasional growth lamellae; 
growth lines numerous; pseudodeltidium arched 
with apical angle about 65 ° , flanked by wide 
perideltidium with apical angle about 130 °, teeth 
prominent, adult dental ridges deep, almost 
reaching valve floor; socket plates low, about 
one-quarter hinge width, incurring posteriorly 
to valve floor (new diagnosis). 
Remarks. The material examined agrees fully with 
Brunton's (1968, p. 34) description of the species. 
Comparable specimens have also been figured 
by Jin & Fang (1983), who referred the larger 
specimen to Schuchertel la magna and the 
smaller specimen to their new species S. 
subplanata. However, these smaller and larger 
specimens externally match well respectively with 
juveniles and adults of B. wexfordensis figured 
by Brunton (1968, pl. 5, figs 1-4) from the Vis6an 
of the County Fermanagh, Ireland. In particular, 
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•:•Myophragm Dental ridge 
L Muscle platform 
0 5 cm 
Fig. 4. Reconstruction f ventral cardinal structures of 
Brochocarina wexfordensis (Smyth, 1930) (based on 
YB115, illustrated by Jiang 1997, pl. 1, fig. 7). 
the well-illustrated topotypes of Schuchertella 
subplanata (Jiang 1997, pl. 1, figs 5, 7) confirm 
the presence of a low ventral median septum in 
these west Yunnan materials (see Fig. 4), 
suggesting that the Yunnan species, including 
both the material described here and those 
illustrated previously by Jin & Fang (1983) and 
Jiang (1997), belong to Smyth's pecies, and not 
to Schuchertella Girty. 
The ovate outl ine and parvicostel late 
ornament of the present species recall several 
Austral ian species of  Schuchertella: 
Schuchertella pseudoseptata Campbell (1957, 
pp. 46-47, pl. 11, figs 8-13), S. dorsiplana Thomas 
(1971, pp. 34-36, pl. 16, figs 7, 9; pl. 25, figs 1,4; 
pl. 29, fig. 6) and S. oversbyi Qian & Roberts 
(1995, pp. 261-261, fig. 1A-I). However, it differs 
from these Australian species by being larger, 
having a different profile and a low ventral median 
septum, and low socket plates. 
Leptagonia McCoy, 1844 
Type species. Producta analoga Phillips, 1836. 
Leptagonia naloga (Phillips, 1836) (Figs 3A, E) 
1836 Producta naloga Phillips, p. 116, pl. 7, fig. 10. 
1914 Leptaena naloga (Phillips); Weller, p.49, pl. 2, 
figs 1-10. 
1930 ?Leptaena rhomboidalis var. analoga (Phillips); 
Paeckelmann, p. 183, pl. 10, fig. 3" pl. 14, figs 2-3. 
1958 Leptagonia cf. L. analoga (Phillips); Cvancara, p. 
860, pl. 100, figs 6-13. 
1968 Leptagonia naloga (Phillips); Brunton, p. 29- 
31, pl. 3, figs 26-31; pl. 4, figs 1 9. 
1971 Leptagonia naloga (Phillips); Thomas, p. 30- 
33, pl. 18, figs 1-8. 
1999 Leptagonia naloga (Phillips); Carter, p. 96-97, 
fig. 1A-E. 
Material. One broken silicified shell with both 
valves conjoined (NMV P307901) from the 
Xiangshan section. 
Remarks. The specimen fully agrees with Thomas' 
( 1971 ) description of the species. Muir-Wood (1948) 
reviewed the Asian occurrences of this species, and 
considered L. analoga  Toumaisian species. However, 
L. analoga is also very common in the early Vis6an 
(e.g. Brunton 1968, Thomas 1971). Leptagonia 
missouriensisCarter(1968,p. 1142-I 143,pl. 148,figs 1- 
14) from the Burlington Limestone of the Mississippi 
Valley, USA, the BanffFormation ofAlberta, Canada 
(Carter 1987,p. 21,pl. 1,figs 11-15), andthe GlenPark 
Formation of Illinois and Missouri (Carter 1988, p. 22- 
23, figs 3.24-3.29) is also closely allied to L. analoga in 
shell outline and omamentation, but Carter's pecies 
is significantly smaller, with smaller ears and fewer 
mgae. 
Order STROPHOMENIDA Opik, 1934 Order PRODUCI~A Sarycheva & Sokolskaya, 1959 
Superfamily STROPHOMOIDEA King, 1846 Suborder CHONETIDINA Muir-Wood, 1955 
Family RAFINESQUINIDAE Schuchert, 1893 Superfamily CHONETOIDEA Bronn, 1862 
Subfamily LEPTAEN1NAE Hall & Clarke, 1894 Family RUGOSCL-~ONETIDAEMuir-Wood, 1962 
Fig. 3A-P. A, E, Leptagonia naloga (Phillips, 1836), NMV P307901, incomplete conjoined shell in orsal and 
ventral views. B, Rugosochonetes obtectus Roberts, 1971, NMV P307902, ventral valve in ventral view, xl.5. C-D. 
Productina? sp., NMV P307903, conjoined shell in ventral and dorsal views. F-H, Stegacanthia strigis Roberts, 1971, 
NMV P307904-NMV P307906, three ventral valves, ll in ventral views; H, x l.5. I-J, Stegacanthia bowsheri Muir- 
Wood & Cooper, 1960. I, NMV P307907, dorsal v lve in interior view; J, NMV P307908, ventral valve in ventral 
view. K-M, Rhipidomella yunnanensis Jin & Fang, 1983, NMV P307909. conjoined shell in ventral, dorsal and lateral 
views, xl.1. N-P, Brochocarina wexfordensis (Smyth, 1930). N-O, NMV P307910, conjoined shell in ventral and 
dorsal views; P, NMV P307911, dorsal external mould in ventral view. All natural size unless otherwise indicated. 
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SubfamilyRUCK)SOCHONEI'INAEMuir-Wood, 1962 
Rugosoehonetes Sokolskaya, 1950 
Type species. Orthis hardrensis Phillips, 1841 
(in part). 
Rugosochonetes obtectus Roberts, 1971 (Fig. 3B) 
1971 Rugosochonetes? sp. A, Thomas, p. 47-48, pl. 29, 
fig. 5. 
1971 Rugosochonetes? sp. B, Thomas, p. 48-50, pl. 29, 
figs 2-4. 
1971 Rugosochonetes obtectus Roberts, p. 58-62, pl. 6, 
figs 1-26. 
1997 Rugosochonetes multicosta (Winchell); Jiang, pl. 
1, figs 11-13. 
Material. One ventral valve (NMV P307902) from 
the Pumenqian section. 
Remarks. Rugosochonetes obtectus is similar to 
R. illinoisensis (Worthen; see also Weller 1914, pl. 
8, figs 63-70) from the Burlington and Keokuk 
Limestones ofMissouri in having fine capillae and 
a relatively low ventral valve. However, the 
Australian species is much larger than R. 
illinoisensis, and has a higher ventral valve with 
steep anterior and steep flanks, a shallower corpus 
cavity, and more pronounced brachial ridges. 
Rugosochonetes hardrensis (Phillips, 1841) 
and R. speciosus (Cope, 1938), both described 
and illustrated by Brand (1970), are also 
comparable with R. obtectus in their fine capillae, 
but R. hardrensis of Brand (1970, p. 106, pl. 9, 
figs 21-24) has a semicircular outline, more acute 
cardinal extremities and a less developed median 
sulcus. Rugosochonetes speciosus of Brand 
(1970,p. 116-117,pl. 10,figs 1-11;pl. 13,figs 1-2, 
7) is characterised byrelatively coarser costellae, 
a shallower and narrower median sulcus. 
Rugosochonetes pikensis Carter (1988, p. 26-27, 
figs 4.33-4.38) from the Glen Park Formation of 
Illinois and Missouri differs from the present 
species in having a lower convexity and relatively 
coarser costellae. 
Jiang (1997, pl. 1, figs 11-13) figured several 
specimens from the same formation of the same 
section as our material as R. multicosta (Winchell, 
1863). According to Weller (1909, p. 297, pl. 12, fig. 
11; 1914, p. 79, pl. 8, figs 8-16) and Carter (1999, p. 
97, fig. 1H-J), however, the American species 
possesses smaller valves, a much narrower and 
higher ventral umbo, and lacks a ventral median 
sulcus. On the contrary, Jiang's specimens share 
all observable f atures with R. obectus. 
Suborder PRODUCTIDINAWaagen, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELLIDAE Schuchert, 1929 
Subfamily PRODUCTININAE Muir-Wood & 
Cooper, 1960 
Tribe PRODUCTININI Muir-Wood & Cooper, 1960 
Productina Sutton, 1938 
Type species. Productus ampsoni Weller, 1909. 
Diagnosis. Productininae with slightly elongate 
outline, inflated ventral umbo; ribbing distinct 
and regular with rounded crests; few spines at 
flanks, may be lacking medianly. 
Remarks. Since Cooper & Muir-Wood (1951) 
proposed Argentiproductus, the relationship 
between this genus and Productina has remained 
a subject of debate (Roberts 1963, 1971; Brunton 
1966, Galitskaya 1977, Nalivkin 1979, Carter 1988). 
Brunton et al. (1993) selected a neotype for the 
type species of Argentiproductus, A. 
margaritaceus (Phillips, 1836), to validate the 
genus, and refined the diagnoses for both 
Argentiproductus and Productina. Generally, 
Productina is differentiated from Argenti- 
productus by having a more elongate and 
globose (i.e. with an inflated ventral umbo) outline 
with a tendency of widening anteriorly, a less 
lamellose ventral v ve and a strongly lamellose 
dorsal valve, and more regular ribbing on shell 
surface. In the same paper, Brunton etal. (1993) 
assigned Productina macdonaldi Roberts, 1971 
to Argentiproductus. In addition, we herein also 
reassign two central Asian species, Productina 
margaritacea (Phillips, 1836) ofGalitskaya (1977, 
p. 25, pl. 5, figs 1-3) and Productina trypoida 
(Gladchenko, 1955) of Galitskaya (1977, p. 27, pl. 
5, figs 5-10; pl. 6, figs 9, 12) toArgentiproductus, 
as they are both characterised bylow convexity, 
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flattened costae and conspicuously lamellose 
ornamentation, as in typical Argentiproductus. 
Caruthia Lazarev & Carter, 2000 is readily 
distinguishable from Productina by its weak 
ribbing, non-lamellose dorsal valve and the 
presence of strong lateral ridges inside ach 
valve. 
Productina? sp. (Fig. 3C-D) 
Remarks. One conjoined shell (NMV P307903) 
from the Xiangshan section suggests the 
presence of this genus in our collection; it is 
characterised by a transversely quadrate to 
subcircular outline, moderately concavo-convex 
shell, rounded costae, and absence of lamellae 
on the ventral valve. As such, it bears many 
diagnostic features of both Productina and 
Argentiproductus. When compared with 
Productina sampsoni (Weller 1909, p. 300, pl. 
12, figs 18-22; also Carter 1967, pp. 289-290, pl. 
19, figs 1 a-2d) from the Lower Carboniferous of
Chappel in Texas, our material is slightly larger 
and more transverse. The neotype of A. 
margaritacea (Phillips, 1836), as figured and 
defined by Brunton et al. (1993, fig. 3a-d) is 
lamellose on the surface and has flattened costae, 
unlike the fine and rounded costae of our 
specimen. In view of these shared similarities 
with and also differences to Productina and 
Argentiproductus, we can only at present 
tentatively assign the Baoshan species to 
Productina, but note that the final generic 
identity of this species requires further study 
with additional and better preserved material. 
The holotype of Productina globosa Roberts 
(1963, pl. 3, fig. 3) from the Tournaisian of New 
South Wales differs from our specimen i  having 
a more elongate outline and a more strongly 
convex ventral valve. Productina striata Roberts 
(1976, p. 38-40, pl. 6, figs 10-20) from the Inflatia 
elegans Subzone (Visran) of eastern Australia 
can be separated from the Baoshan species by 
its finer, denser costae, and relatively more 
prominent rugae or lamellae. Our specimen 
somewhat also resembles P. pectinoides 
(Phillips, 1836) of Brunton et al. (1993, p. 106, 
figs 22-23) in size and outline, but the latter 
species has a more strongly convex ventral valve 
and a greater number of costae. 
Family PRODUCTIDAE Gray, 1840 
Subfamily PRODUCTINAE Gray, 1840 
Tribe KOZLOWSKIINI Brunton, Lazarev & 
Grant, 1995 
Eomarginifera Muir-Wood, 1930 
Type species. Productus longispinus Sowerby, 
1814 (in Sowerby 1812-1815). 
Eomarginifera yunnanensis p. nov. (Figs 5A- 
C,E-H, P) 
Material. Four specimens are available, all from 
the Xiangshan section. The holotype, a complete 
conjoined shell (NMV P307913) and paratype, a 
complete conjoined shell (NMV P307912)] are 
figured here. 
Diagnosis. Small to medium Eomarginifera with 
rounded, non-geniculate, lateral profile and no 
sulcus; ears flattened, triangular and prominent; 
dorsal interior with distinct marginal ridge. 
Description. Outline subrounded, hingeline 
straight and equal maximum width of shell; 
holotype measured 18.5 mm long (24.5 mm in 
curvature l ngth), 16.2 mm wide, and 15.0 mm 
thick; shell profile hemispherical; corpus cavity 
deep; ears small, demarcated from umbonal 
slopes by shallow groove. Ventral valve evenly 
convex, gently curved in profile; trail short; beak 
small, slightly incurved and overhanging 
hingeline; umbonal region evenly convex and 
rounded; lateral flanks steep; median sulcus 
absent. Dorsal valve deeply concave, strongly 
curved, but not geniculated; umbo flat to slightly 
convex. External surface costellate; costae low, 
rounded and persistent, umbering 9 in 5 mm at 
5 mm antero-medianly of ventral umbo; 11-12 
rugae on umbonal region, increasing width 
anteriorly; ventral v lve sparsely spinose, four 
strong spine bases at midvalve and flanks. A 
dorsal internal marginal ridge visible at region 
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separating trail from corpus cavity, a 
corresponding furrow present in ventral valve. 
Other internal details not observed. 
Remarks. The closest species is Eomarginifera 
derbiensis (Muir-Wood, 1928, also Brunton 1984, 
pp. 120-122, figs 212-213) from the Vis6an of 
County Fermanagh, Ireland, but the new species 
can be differentiated from the latter by its coarser 
costae and more gently curved profile. The small 
individuals of the new species al o approach E. 
paucispinosa (Reed 1927, pp. 47-48, pl. 9, fig. 6, 
also Jin & Fang 1983, pp. 144-145, pl. 1,figs 9-12) 
from west Yunnan; however, the latter is more 
quadrate in outline and has more pronounced 
rugae on the flanks. The type species of the 
genus, E. longispinus, as described and figured 
by Muir-wood (1928, pp. 156-163, pl. 11, figs 1- 
4), can be distinguished from the new species 
by its finer costae, more strongly curved profile, 
and weaker ugae over the visceral disk. 
Eomarginiferina trispina Brunton (1966, pp. 
231-236, pl. 15, figs 9-22; pl. 15, figs 1-22) from 
the Vis6an of County Fermanagh, Ireland can be 
separated from the new species by being much 
larger, having a greater number of costae, a 
globular profile, broader ears, and an absence of 
a dorsal internal marginal ridge. Eomarginiferina 
megalotis Roberts (1976, pp. 58-61, pl. 11, figs 
13-26) from the late Vis6an of New South Wales 
is distinguishable from the new species in having 
a narrower but more strongly convex ventral 
umbo, and broader ears. 
Subfamily DICTYOCLOSTINAE Stehli, 1954 
Dictyodostus Muir-Wood, •930 
Type species. Anomites semireticulata Martin, 1809. 
Dictyoclostus triznae Sarycheva in Sarycheva 
etal.; 1963 (Fig. 5L, N-O, Q) 
1963 Dictyoclostus triznae Sarycheva in Sarycheva et 
al., p. 214-216, pl. 24, figs 1-3. 
1979 Dictyoclostus triznae Sarycheva; Jin et al., 1979, 
p. 87, pl. 25, figs 3-5. 
1983 Dictyoclostus triznae Sarycheva; Jin & Fang, p. 
145, pl. 1, figs 19-23. 
1997 Dictyoclostus triznae Sarycheva; Jiang, pl. 2, fig. 1. 
Material. Two incomplete shells with valves 
conjoined (NMV P307916 and NMV P307917) 
from Wafangjie. 
Description. Large shells; outline rounded to 
subquadrate; widest at hingeline; ears large, 
slightly inflated. Ventral valve geniculate 
anteriorly; beak small, incurved, overhanging 
hingeline; umbo strongly convex with steep 
lateral slopes; median sulcus shallow, fiat, 
originating at umbo; trail long, flat. Dorsal valve 
flat to moderately concave, strongly geniculate 
anteriorly; corpus cavity deep. 
External costae evenly spaced posteriorly, 
irregular anteriorly, numbering 6-8 in 5 mm at 
midvalve; rugae distinct on disc and ears, 
forming regular, dense reticulation at umbonal 
region; spines arranged in row along hinge, 
scattered sparsely on disc, those on trail coarser, 
erect; low, indistinct longitudinal ridges present 
at anterior margin. Interiors not observed. 
Remarks. Compared with the material described 
from the same area by Jin & Fang (1983), our 
specimens possess a slightly shallower ventral 
median sulcus and a more flattened trail. However, 
all of these Baoshan specimens are closely 
comparable tothe type material of D. triznae from 
the Tournaisian of the Kuznetsk Basin 
(Sarycheva et al. 1963). Dictyoclostus derptus 
(Romanowsky, 1878), widely reported from 
Russia (Nalivkin 1937, Simorin 1956, Gladchenko 
1960, Litvinovitch 1962, Litvinovitch et al. 1969, 
1996), can be differentiated from D. triznae by 
Fig. 5A-Q. A-C, E-l/, P, Eomarginifera yunnanensis sp. nov. A-C, P, NMV P307912, paratype, conjoined shell in 
ventral, dorsal, posterior and lateral views; E-t/, NMV P307913, holotype, conjoined shell in ventral, dorsal, lateral 
and posterior views. D, I-K, M, Marginatia burlingtonensis (Hall, 1858). D, M, NMV P307914, ventral valve in 
posterior and ventral views, xl.2; I-K, NMV P307915, ventral valve in postero-ventral, ventral and lateral views, 
xl.2. x2.5, xl.2 respectively. L, N, O, Q, Dictyoclostus triznae Sarycheva in Sarycheva (et al., 1963). L, N, NMV 
P307916, incomplete conjoined shell in ventro-posterior and dorsal views; O, Q, NMV P307917, ventral valve in 
ventro-anterior and postero-ventral views, x0.8. All natural size unless otherwise indicated. 
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its relatively smaller size, narrower umbo and 
deeper median sulcus. Dictyoclostus triznae is 
indistinguishable from D. crawfordsvillensis 
(Weller 1914, p. 116, pl. 12, figs 4-7) from the 
Tournaisian Keokuk Limestone of the Mississippi 
Valley in the subquadrate outline, coarse and 
regular eticulation, but differs from the latter in 
having a larger size, a greater number of costae and 
a longer ventral trail. Dictyoclostus tixensis Rotai 
(in Lapina 1962, p. 132, pl. 1, fig. 9, pl. 2, fig. 1, see 
alsoAbramov & Grigorjeva 1986, p. 100, pl. 10, figs 
1-2) from the Lower Carboniferous of Siberia is 
distinguished from D. triznae by its larger size and 
deeper ventral median sulcus. 
Subfamily BUXTONI INAE Muir-Wood & 
Cooper, 1960 
Tribe TOLMATCHOFF I IN I  Sarycheva in 
Sarycheva et al., 1963 
Marginatla Muir-Wood & Cooper, 1960 
Type species. Productus fernglenensis Weller, 1909. 
Marginatia burlingtonensis (Hall, 1858) (Figs 
5D, I-K, M) 
1858 Productus flemingi var. burlingtonensis Hall, p. 
598, pl. 12, fig. 3a-g. 
1914 Productus burlingtonensis Hall; Weller, p. 104, pl. 
9, figs 1-10. 
1937 Productus (Productus) burlingtonensis (Hall); 
Nalivkin, p. 66, pl. 7, figs 7-11. 
1963 Marginatia burlingtonensis (Hall); Sarycheva et
al., pp. 191-192, pl. 28, figs 5-8. 
1975 Marginatia burlingtonensis (Hall); Nalivkin, p. 
166, pl. 66, fig. 7. 
1979 Marginatia burlingtonensis (Hall); Nalivkin, pp. 
94-95, pl. 32, figs 1-10; pl. 34, figs 3-4. 
i985 Marginatia burlingtonensis (Hall); Jin, pp. 77-78, 
pl. 1, figs 20-22. 
1987 Marginatia burlingtonensis (Hall); Carter, pp. 39- 
40, pl. 9, figs 1-8. 
1997 Marginatia burlingtonensis (Hall); Jiang, pl. 2, fig. 3. 
Material. Three ventral valves from the 
Puemnqian section, two of which are figured (NMV 
P307914, NMV P307915), and two incomplete shells 
with valves conjoined from Wafangjie. 
Remarks. The specimens in hand fully agree with 
Weller's (1914) description f the species. Of the 
Marginatia species described from the Kuznetsk 
Basin of Siberia by Sarycheva et al. (1963), M. 
deruptoides possesses a much larger size, coarser 
costae and stronger body spines than M. 
burlingtonensis; M. quadrata is distinct in having 
a larger size and a broader ventral median sulcus, 
coarser body spines, and a larger alveolus; M. 
djidensis differs in embracing a longer ventral trail, 
coarser body spines; and M. poljenowi is 
characterised by lacking a ventral median sulcus 
but possessing coarser spines. 
The difference between M. burlingtonensis 
and M. inserensis Nalivkin (1979, p. 95, pl. 33, figs 
1-6) from the Toumaisian of the Urals is mainly that 
the Uralian species has a greater number of finer 
costae and more pronounced rugae on the ventral 
disc. Marginifera uchbulakensis Galitskaya (1977, 
pp. 81-82, pl. 23, figs 10-11; pl. 27, fig. 5) from the 
Tournaisian of Central Asia is distinguishable from 
M. burlingtonensis n having a slightly shallower 
ventral median sulcus, and more regularly spaced 
costae and rugae, both forming perfect reticulation 
on the discs. Marginifera deruptoides Sarycheva 
(in Sarycheva et al. 1963, p. 188, pl. 24, figs 1-3; pl. 
27, figs 1-4; Galitskaya 1977, pp. 84-85, pl. 22, figs t- 
5; pl, 35, fig. 6) from the Toumaisian of the Kuznetsk 
Basin differs from M. burlingtonensis in 
possessing a larger size, a shallower ventral median 
sulcus, and more closely spaced costae. 
Marginatia cylindrica sp. nov. (Figs 6A-H, L-T; 
Table 2) 
Material. Two shells with valves conjoined and 
more than 15 ventral valves from the Pumenqian 
section, and one ventral valve from Wafangjie. 
Of these, six ventral valves are figured here (NMV 
P307918-NMV P307923), including the holotype 
(NMV P307920) and paratype (NMV P307921). 
Diagnosis. Medium-sized Marginatia, outline 
longitudinally cylindrical; umbo rounded and 
strongly convex; median sulcus and dorsal fold 
absent. 
Description. Hingeline nearly equal to maximum 
width of shell; ears small, triangular, slightly 
convex. Ventral valve strongly and evenly 
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convex; geniculate anteriorly, trail slightly 
vertical to ears; beak incurved, overhanging 
hingeline; umbo rounded and evenly convex, 
lateral slopes steep, nearly parallel; median 
sulcus absent. Dorsal valve slightly concave to 
fiat; median fold absent. 
Ventral valve surface ornamented by dense, 
distinctive costae; costae bifurcate, 7-8 per 5 mm 
at midvalve; rugae conspicuous at posterior 
region, forming reticulation with costae; spines 
fine, dense, scattered on whole valve and in row 
along hinge margin, few coarser spine bases 
scattered on anterior venter and flanks. Dorsal 
exterior valve surface marked by well-developed 
reticulation and sparse spines. Ventral muscle 
scars partly impressed, other internal details 
unknown. 
Remarks. The new species can be differentiated 
from M. burlingtonensis described above by its 
cylindrical profile, coarser spine bases, and an 
absence of a ventral median sulcus; from M. 
magna (Carter 1968, p. 1147, pl. 147, figs 1-9; 
1999, p. 102, fig. 3A-I) in being significantly 
smaller and more finely ribbed; and from M. 
patersonensis Roberts (1976, p. 67-68, pl. 12, figs 
1-10) in the possession of less-developed 
reticulation, finer spine bases, and a relatively 
thinner, lower dorsal median septum. The new 
species also resembles M. monachovae 
Litvinovitch (in Litvinovitch et al. 1969, pl. 31, 
figs 4-6) from the early Visran of Kazakhstan i  
many respects, but the latter differs in having 
coarser costae and larger spines. 
Marginifera djidensis (Nalivkin 1937, p. 67, 
pl. 8, fig. 8, pl. I0, fig. 4; Sarycheva etal. 1963, p. 
197, pl. 30, figs 1-3) from northeast Kazakhstan 
and the Kuznetsk Basin of Siberia is 
differentiated from the new species in having a 
longer trail, coarser costae, larger body spines, 
and ,a  stronger dorsal median septum. 
Marginifera subquadrata Abramov & Grigorjeva 
(1986, p. 98, pl. 8, figs 7-8) from the Lower 
Carboniferous of northeast Siberia is similar to 
the new species n outline and flattened ventral 
umbo, but it is clearly larger and has a deeper 
ventral median sulcus, and relatively coarser 
costae. Two central Asian Toumaisian species, M. 
kolkainensis Galitskaya (1977, p. 80-81, pl. 24, figs 
9-11) and M. kaindensis Galitskaya (1977, p. 77, pl. 
21, figs 5-12),both appear to bear considerable 
similarities to the new species in size, shell outline 
and ornamentation, but M. kolkainensis embraces 
a prominent ventral median sulcus and a longer 
ventral trail, while M. kaindensis has higher and 
stronger ribs that usually form longitudinal ridges 
over the midvalve. 
Tribe BUXTONIINI Muir-Wood & Cooper, 1960 
Setigerites Girty, 1939 
Type species. Productus etigeri Hall, 1858. 
Setigerites setigerus (Hall, 1858) (Fig. 6I-K) 
1858 Productus setigerus Hall, p. 638, pt. 19, fig. 3. 
1914 Productus setigerus (Hall); Weller, pp. 122-124, 
pl. 12, figs 1-3. 
1960 Setigerites etigerus (Hall); Sarycheva et al., pl. 
39, fig. 3. 
1963 Setigerites etigerus (Hall); Sarycheva et al., pp. 
180-182, pl. 24, figs 1-2. 
1979 Setigerites etigerus (Hall); Nalivkin, p. 99, pl. 29, 
figs 1-3. 
1983 Setigerites setigerus (Hall); Jin & Fang, p. 145, pl. 
3, figs 4-5. 
Material. One dorsal external mould (NMV 
P307924) from Wafangjie. 
Description. Valve of medium size for genus; 
subquadrate in outline, nearly as long as wide, 
maximum width at hingeline, gently concave with 
nearly flattened visceral disc, slightly geniculate 
Specimens Disc length Curvature length Width Thickness 
NMV P307920 15.0 34.5 16.0 16.5 
NMV P307921 14.5 30.0 16.5 14.6 
NMV P307922 15.0 35.0 17.5 17.0 
NMV P307923 18.0 40.5 20.5 20.5 
Table 2. Measurements of ventral valves of Marginatia cylindrica (in ram), 
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anteriorly. Costae with flattened crests, low and 
fine, increasing anteriorly in width and number 
by bifurcation; seven costae per 5 mm at about 
20 mm anterior of beak; spine bases arranged in 
row along hinge, those on ears coarser. 
Remarks. The d scribed specimen fits well within 
the original definition of the species given by 
Weller (1914). Setigerites lichwini (L ssitzin, 
1909) from the Tournaisian of the Urals, as 
described by Nalivkin (1975, p. 166, pl. 66, fig. 6), 
can be differentiated from S. setigerus by its 
relatively smaller size, coarser but smaller number 
of costae. 
Superfamily ECHINOCONCHOIDEA Stehli, 1954 
Family SENTOSI/DAE McKellar, 1970 
Subfamily SENTOSIINAE McKellar, 1970 
Tribe SENTOSIINI McKellar, 1970 
Stegacanthia Muir-Wood & Cooper, 1960 
Type species. Stegacanthia bowsheri Muir- 
Wood & Cooper, 1960. 
Stegacanthia bowsheri Muir-Wood & Cooper, 
1960 (Figs 3I-J, 7) 
1960 Stegacanthia bowsheri Mu r-Wood & Cooper, pp. 
198-199, pl. 48. figs 1-12. 
Material. One incomplete ventral valve (NMV 
P307908) and a dorsal valve (NMV P307907) from 
the Pumenqian section. 
0 6 cm 
Fig. 7. Dorsal interior of Stegacanthia bowsheri Mu r- 
Wood & Cooper, 1960 (based on NMV P307907). 
on each lamella to that ofS. bowsheri, from which 
the Siberian species is distinct in being much 
larger and having two rows of spines on each 
concentric lamella, with an additional row of 
shorter spines at the front margin of each lamella. 
Stegacanthia abbotti larga (Cv ncara, 1958, p. 
864-865, pl. 110, figs 14-19) from the Lower 
Carboniferous ofBarrington, New South Wales, 
Australia, can be differentiated from the present 
species by its deeper median sulcus, less 
developed concentric lamellae, and deeper 
dendritic markings on the adductor scars in the 
dorsal valve. The much larger Stegacanthia 
leviatha Roberts (1976, p. 54-55, pl. 10, figs 1-8) 
from the upper Visran to lower Namurian of 
eastern Australia cannot be confused with the 
present species as it has a semi-ovate outline, 
and a narrower ventral median sulcus. 
Remarks. Despite possessing a slightly broader 
median septum in the dorsal valve (see Fig. 7), 
the Baoshan specimens fit well within the 
concept of S. bowsheri given originally by Muir- 
Wood & Cooper (1960). Stegacanthia sibirica 
sibirica (Sarycheva in Sarycheva et al. 1963, p. 
152, l~l. 17, figs i-3) from the upper Tournaisian 
and lower Visran of the Kuznetsk Basin, Siberia 
also bears comparable density of spine bases 
Stegacanthia strigis Roberts, 1971 (Fig. 3F-H) 
1971 Stegacanthia strigis Roberts, pp. 118-120, pl. 27, 
figs 1-9. 
1997 Stegacanthia sibirica sibirica (Sarycheva); Jiang, 
pl. 2, figs 8-9. 
Material. Two ventral valves (NMV P307905, 
NMV P307906), both figured, from the 
Pumenqian section, and one ventral valve (NMV 
Fig. 6A-T. A-H, L-T, Marginatia cylindrica sp. nov. A-C, NMV P307918, ventral valve in ventral, lateral and 
posterior views; D, H, NMV P307919, ventral valve in posterior and ventral views. E-G. NMV P307920, holotype. 
ventral valve in ventral, lateral nd posterior views; L, P, T, NMV P307921, paratype, ventral valve in posterior, 
lateral and ventral views; M-O, NMV P307922, ventral valve in ventral, lateral and posterior views; Q-S, NMV 
P307923, ventral valve in ventral, lateral and posterior views. I-K, Setigerites setigerus (Hall, 1858), NMV P307924, 
dorsal external mould in ventro-posterior, lateral and ventro-anterior views. All natural size. 
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Specimens 
I NMVP307925 
]NMVP307926 
I NMVP307927 
I NMVP307928 
Valve or shell Length Width Thicknessl 
Ventral valve 12.6 11.5 4.1 I 
Conjoined shell 9.8 8.8 2.5 
I Conjoined shell 13.5 12.5 2.8 Conjoined shell 10.5 11.0 4.0 
Table 3. Dimensions of Rhipidomella michelini? 
P307904) from Wafangjie. 
Remarks. The two specimens figured as 
Stegacanthia sibrica sibirica by Jiang (1997) 
are indistinguishable from our material, but clearly 
differ from the type material of S. sibrica sibirica 
(Sarycbeva inSarycheva etal. 1963) as the latter 
is characterised by possessing less pronounced 
growth lamellae and smaller, more numerous 
spine bases on both valves. Jiang's specimens 
and our material resemble S. strigis from the 
Bonaparte Basin, northwestem Australia in all 
observable features. 
Stegacanthia strigis differs from S. bowsheri in 
having a larger size and a well-defined fold and 
sulcus. Stegacanthia sibirica artyshtensis 
(Sarycheva in Sarycheva et al. 1963) may be 
compared with S. strigis in broad features but can 
be readily differentiated from the latter by its 
shallower and narrower ventral median sulcus, a 
greater number of spine bases on both valves, and 
by the lateral ridges that extend along the hinge. 
Class RHYNCHONELLATAWilliams, Carlson, 
Brunton, Holmer & Popov, 1996 
Order ORTHIDA Schuchert & Cooper, 1932 
Suborder DALMANELLIDINA Moore, 1952 
Superfamily DALMANEI.I ~OIDEA Schuchert, 1913 
Family RHIPIDOMELLIDAE Schuchert, 1913 
Rhipidomella Oehlert, 1890 
Type species. Terebratula michelini Lrveillr, 1835. 
Rhil~idomella michelini? (Lrveillr, 1835) (Fig. 
8A-B, E-I; Table 3) 
1971 Rhipidomella michelini? (LEveillr): Thomas, pl.
21, figs 1-16; pl. 25, figs 2, 5-6. 
1971 Rhipidomella michelini? (Lrveillr); Roberts, pp. 
41-42, pl. 1, figs 1-5. 
Material. Three shells with valves conjoined 
(NMV P307926-NMV P307928) and one ventral 
valve (NMV P307925), all figured, from the 
Xiangshan section. 
Remarks. These specimens resemble R. 
michelini (Lrveillr) in most observed features, 
but are slightly larger and have a more rounded 
outline. Thus assignment of our material to 
Lrveillr's species is tentative, pending future 
study to clarify whether these differences are 
persistent with a larger sample of specimens. 
Rhipidomella ustralis (M'Coy, 1844; see also 
Campbell 1957, pp. 52-54, pl. 12, figs 13-20) from 
the Lower Carboniferous ofNew South Wales i
also comparable with our specimens in general 
features, but is smaller and has a subpentagonal 
outline with subparallel lateral margins. The 
present species can also be separated from R. 
burlingtonensis (Hall) of Weller (1914, pp. 149- 
151, pl. 21, figs 5-7; pl. 83, figs 7-8) from the 
Burlington Limestone in the Mississippi Valley 
by its coarser costae, more pronounced 
concentric growth lines and lamellae. 
Rhipidomella ltaica Tolmatchoff (1924, p. 213, 
pl. 13, figs 5-7, 9-10; see also Sarycheva et al. 
1963, p. 73, pl. 2, figs 4-8) from the Lower 
Carboniferous of the Kuznetsk Basin in Siberia 
also possesses a rounded outline, like the present 
species, but is characterised by a dorsibiconvex 
Fig. 8A-S. A-B, E-I, Rhipidomella michelini? (Lrveillr, 1835). A-B, NMV P307925, ventral valve in ventral and 
interior views, xl.2; E-F, NMV P307926, conjoined shell in dorsal and ventral views; G, I, NMV P307927, conjoined 
• shell in ventral and dorsal views; 14, NMV P307928, dorsal v lve in dorsal view. C-D, L-O, Rhipidomella sp. C-D, 
L-M, NMV P307929, conjoined shell in anterior, dorsal, lateral and ventral views, x l.1; N-O, NMV P307930, 
conjoined shell in ventral and dorsal views. J-K, P-S, Rhipidornella yunnanensis J n & Fang, 1983. J-K, NMV 
P307931, conjoined shell in dorsal and ventral views; P-Q, NMV P307932, conjoined shell in dorsal and ventral 
views; R-S, NMV P307933, conjoined shell in ventral and dorsal views. All natural size unless otherwise indicated. 
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profile, a broadly undulate commissure, and 
weaker and denser costellae. 
Rhipidomella ymmanensis Jin & Fang, 1983 (Figs 
3K-M, 8J-K, P-S, 9; Table 4) 
1983 Rhipidomella yunnanensis Jin & Fang, p. 144, pl. 
1, figs 1-3. 
Material. Five specimens examined, including 
two shells with valves conjoined from Wafangjie 
and three shells with valves conjoined from the 
Xiangshan section. Four of these are figured 
(NMV P307909, P307931-NMV P307933) and one 
(NMV P307930) is sectioned (Fig. 9). 
Description. Medium to large species for genus; 
subrectangular to rounded in outline; 
dorsibiconvex in profile; hingeline arrow, about 
one half of shell width at midlength of shell, 
arched latero-anteriorly; anterior commissure 
rectimarginate; cardinal extremities obtuse- 
rounded. Posterior region of ventral valve 
moderately convex, greatest convexity at 
umbonal region, remainders ofshell flattened to 
slightly concave; beak small, slightly incurved, 
overhanging hingeline; median sulcus absent. 
Dorsal valve moderately evenly convex, greatest 
convexity at one quarter posterior of shell; 
interarea psacline; median fold absent. 
Costellae fine, dense, evenly spaced, 
increasing in number by intercalation, 3-5 
costellae in 2 mm near ventral anterior margin; 
growth lines prominent, increasing in number near 
anterior margin, forming lanlellae. 
Ventral interior with strong teeth; dental 
plates diverging, reaching valve floor (Fig. 9). 
Cardinal process prominent with median ridge, 
extending beyond lateral ridges, postero-laterally 
enclosed by chilidial plates. 
Remarks. When creating this species, Jin & Fang 
(1983) did not describe nor illustrate the internal 
features. In this paper, our serial sections (Fig. 9) 
reveal internal details. The Baoshan species 
externally isvery similar to some larger specimens 
ofRhipidomella michelini? (LEveillf) of Roberts 
(1971), but differs clearly from the latter as it has 
finer ribs and more flattened valves. Another 
Australian species, R. australis (McCoy) of 
Campbell (1957, pp. 52-54, pl. 12, figs 13-20), also 
approaches R. yunnanensis n general aspects 
and differs clearly in its smaller size, 
subpentagonal outline, and subparallel lateral 
margins. 
Like R. yunnanensis, Rhipidomella altaica 
Tolmatchoff (1931, p. 569, pl. 13, figs 5-7, 9-10; 
see also Sarycheva etal. 1963, p. 73, pl. 2, figs 4- 
8) from the Lower Carboniferous ofthe Kuznetsk 
Basin, Siberia also possesses a rounded outline, 
but is distinguishable from urspecies in having 
a dorsibiconvex profile, a broadly undulate 
commissure and finer and denser ribs. 
Rhipidomella burlingtonensis (Hall) of Weller 
(1914, pp. 149-15 l, pl. 21, figs 5-7; pl. 83, figs 7-8) 
approaches R. yunnanensis in the possession 
of a subrectangular to rounded outline and in 
the absence of a sulcus and fold, but the latter is 
distinguishable in having a larger size, a more 
flattened profile, and much finer ribs. 
Rhipidomella sp. (Figs 8C-D, L-O; Table 5) 
Material. Five conjoined shells from the 
Xiangshan section, two of these (NMV P307929, 
NMV P307930) are figured. 
Description. Medium to large in size for genus; 
subcircular in outline; dorsibiconvex in profile; 
hingeline narrow, arched lateroanteriorly; widest 
at anterior of midvalve; anterior commissure 
rectirnmginate; cardinal extremities rounded. Ventral 
valve moderately convex; beak small, incurved, 
overhanging hingeline; median sulcus absent at 
umbonal region, but a shallow broad median 
depression present at anterior region f shell. Dorsal 
valve convex, greatest convexity at anterior to 
midlength of shell; umbo moderately evenly 
I Specimen Length Width Thickness I 
NMV P307909 32.5 36.0 8.5 [ 
I 
NMVP307931 27.5 29.0 8.0 
NMV P307932 30.0 30.5 6.5 
NMV P307933 27.5 28.6 6.0 
Table 4. Measurements of Rhipidomella yunnanensis 
shells with valves conjoined (in mm). 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
3:
38
 1
1 
Ma
y 
20
09
ALCHERINGA CARBONIFEROUS BRACHIOPODS FROM WEST YUNNAN 51 
o6 12 
3.1 f t -~  3.9 ~ 4.6 
5.1 6.4 
"~~@~7~ 5 mm - ~ 2  
Fig. 9. Selected serial sections of Rhipidomella yunnanensis Jin & Fang, 1983 (based on NMV P307932). The 
numbers are the distance in mm from the beak, and the orientation of the sections i  with ventral valve downwards 
(hereafter same). 
convex; shell abruptly bent ventrally at one quarter 
anterior of shell; interarea psacline; median fold 
absent; a furrow occurring medially near anterior 
margin. Costellae fine, dense, intercalate, 3-5 in 2 
mm near anterior margins; growth lines prominent, 
becoming lamellae near anterior margin. 
Remarks. These specimens are comparable in 
size, outline and ornaments with R. yunnanensis, 
but they cannot be considered conspecific as 
they have a much thicker profile and their 
greatest shell convexity occurs at one quarter 
anterior of the shell length. These distinctive 
features suggest that these specimens may 
represent a different species. 
Specimens Length Width Thickness 
NMV P307929 29.5 31.4 12. 
NMV P307930 28.0 28.5 11.0 
NMV P307971 27.5 29.0 10.5 
Table 5. Measurements (in mm) of Rhipidomella sp. 
Order SPIRIFERIDA Waagen, 1883 
Suborder SPIRIFERIDINA Waagen, 1883 
Superfamily SPIRIFEROIDEA King, 1846 
Family SPIR1FERIDAE King, 1846 
Subfamily SPIRIFERINAE King, 1846 
Mesochorispira Carter, 1992 
Type species. Spirifer grimesi Hall, 1858. 
Mesochorispira shidianensis (Jin & Fang, 1983) 
(Figs 10B-C, E-K; 11) 
1983 Spirifer shidianensis Jin & Fang, p. 146, pl. 1, figs 
13-14; pl. 2, figs 15-17; pl. 3, fig. 2. 
1997 Unispirifer shidianensis (Jin& Fang); Jiang. pl. 3, 
fig. 18. 
Material. Two conjoined shells (NMV P307935, 
NMV P307938) and two ventral valves (NMV 
P307936, NMV P307937) from the Pumenqian 
section; one other specimen (NMV P307971) is 
sectioned (Fig. 11). 
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Description. Medium-sized to large for genus; 
transversely subquadrate to subsemielliptical in 
outline, with slightly alate extremities; widest at 
hingeline; slightly ventrobiconvex in profile; 
anterior commissure uniplicate. Ventral valve 
highly convex; beak pointed, distinct, incurved, 
overhanging hingeline; interarea psacline in 
profile, rather high, slightly concave, vertically 
grooved; delthyrium nearly as wide as high, 
apparently open; umbo evenly convex; flanks 
gently convex, sloping evenly to anterolateral 
margins; median sulcus originating at beak as a 
groove, abruptly increasing  width and epth 
anteriorly; sulcus-bounding costae indistinguish- 
able from those on lateral flanks. Dorsal valve 
slightly less convex than opposite valve, umbo 
convex, sloping evenly to anterolateral margins; 
interarea anacline in profile, low, acutely triangular, 
concave; median fold originating at umbo as low 
plication, increasing i  height and width anteriorly, 
well-defined by fold-bounding grooves, becoming 
most prominent a  anterior margin. 
Shell ornament of numerous, low, flattened, 
subrounded, bifurcating costae, with narrower 
interspaces; median sulcal costa originating at 
beak, becoming stronger anteriorly; pair of lateral 
sulcal costae on each side, originating from 
sulcns-bounding costae, bifurcate near nterior 
margin; about 30 costae on each flank, some 
bifurcate at near anterior and lateral margins; 
about 7-8 costae on fold; shell micro-ornament 
marked by fine capillae, concentric growth lines 
or lamellae; growth lamellae when present 
strongly imbricated anteriorly. 
Ventral interior with short, widely diverging 
dental adminicula, inserted in shell wall 
posteriorly, suspending anteriorly; teeth small; 
muscle field oval to subrounded in shape, surface 
dendritic. Cardinal process striated; sockets 
narrow, deep (Fig. 11). 
Remarks. Mesochorispira grimesi (Hall, 1858; 
see also Weller 1914, pp. 361-362, pl. 51, figs -2; 
pl. 52, figs 1-4; pl. 54, figs 5-6; Carter 1992, pp. 
335-337, figs 5-6; 1999, p. 125, fig. 17A-D) is close 
in overall appearance to the present species, from 
which the type species differs in having a 
relatively lower ventral interarea, a more 
pronounced sulcus and fold, and a lack of 
prominent imbrication of lamellae on the anterior 
regions of the shell. Mesochorispira cf. grimesi 
of Qian & Roberts (1995, pp. 268-269, fig. 7A-F) 
possesses a comparable ventral interarea, sulcus 
and fold with M. shidianensis, but the Australian 
species is smaller and lacks distinct imbrication of 
lamellae at near anterior margins. Mesochorispira 
konincki (Dewalque, 1895), re-described and 
well illustrated by Poletaev (1999, p. 257, fig. 3) 
and Sartenaer & Plodowski (2002, pls 1-5), is also 
similar in overall appearance to M. shidianensis, 
but the Belgian species clearly differs in having 
a proportionately more elongate outline, more 
rounded cardinal extremities, and less distinctive 
sulcus-bounding costae. 
Unlike M. shidianensis, Spirifer rowleyi 
Weller (1914, p. 360-361, pl. 53, figs 3-6; pl. 54, 
figs 1-4) has a deeper ventral median sulcus, a 
higher dorsal median fold, and a greater number 
of costae on its V-shaped sulcus. Another large 
spiriferid species, Spirifer longi Hall, 1858, from 
the Keokuk Limestone of Iowa (Weller 1914, pp. 
363-364, pl. 56, figs 1-3; pl. 57, figs 1-3) differs 
from M. shidianensis n embracing a V-shaped 
sulcus and fold, a greater number of costae in 
the sulcus and on the fold, and a lack of prominent 
and imbricated lamellae near the anterior margins. 
Like the present species, Spirifer 
striatiformis Meek, 1875 (see Weller 1914, pp. 
364-366, pl. 48, figs 17-21; Hyde 1953, pp. 260- 
263, pl. 25, figs 1-15; pl. 26, figs 1-25) from the 
Waverley Group, Chouteau Limestone and Logan 
Formation of the Kinderhookian ofMissouri and 
Ohio also possesses an indistinct sulcus and 
fold, but it can be differentiated byits relatively 
smaller size, a lower ventral interarea, finer ribs, 
and an absence of imbrication ear the anterior 
margins. Spirifer lirellus Cvancara (1958, pp. 
873-876, pl. 112, figs 1-7) from the late Visran of 
Fig. IOA-K. A, D, Unispirifer (Septimispirifer) robustus Jin & Fang, 1983, NMV P307934, conjoined shell in ventral and 
dorsal views. B-C, E-K, Mesochorispira shidianensis (Jin & Fang, 1983). B, E, G-H, NMV P307935, conjoined shell in 
lateral, anterior, dorsal and ventral views; C, F, NMV P307936, NMV P307937, two ventral valves in ventral views; I- 
K, NMV P307938, conjoined shell in anterior, ventral and dorsal views, x0.9. All natural size unless otherwise indicated. 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
3:
38
 1
1 
Ma
y 
20
09
54 SHI, CHEN & ZHAN ALCHERINGA 
3.2 4.0 6.5 7.5 
11.0 13.5 16.0 
18.5 20.5 26.0 
Fig. 11. Selected serial sections of Mesochorispira shidianensis (Jin & Fang, 1983) (based on NMV P307971). 
New South Wales differs from Mesochorispira 
shidianensis in being smaller and having 
mucronate cardinal extremities. Spirifer sol 
Campbell & McKelvey (1972, p. 72, pl. 3, figs 26- 
31) from the Namoi Formation in the Werrie 
Syncline, New South Wales can be separated 
from M. shidianensis by its finer ribbings, lower 
ventral interarea nd the lack of imbricated 
lamellae near the anterior margins. 
Subfamily PROSPIRINAE Carter, 1974 
Unispirifer Campbell, 1957 
Type species. Spirifer striatoconvolutus Benson 
&Dun, 1920. 
Remarks. Externally, Unispirifer is allied to several 
spiriferid genera, notably Prospira Maxwell, 1954, 
Spirifer Sowerby, 1818, and Fusella M'Coy, 1844. 
The relationships between these genera have been 
discussed by previous workers (e.g. Besnossova 
1959, Maxwell 1961, Carter 1967, 1974, 1990; 
Waterhouse 1970, Thomas 1971, Roberts 1971, 
Brunton & Rissone 1976, Carter et al. 1994). 
Numerous species have been placed in 
Unispirifer, encompassing a wide range of 
outline morphology and costation patterns. The 
type species of Unispirifer, as illustrated by 
Campbell (1957), has a variable outline ranging 
from mucronate forms to alate forms. Thomas 
(1971) expanded the definition of Unispirifer by 
including species with moderately to extremely 
transverse outlines. In this paper, we propose to 
recognise three subgenera within Unispirifer 
taking into consideration f shell outline (i.e. shell 
width/length ratio) and details of costation 
pattern on the shell surfaces. The three subgenera 
are Unispirifer (Unispirifer) Campbell, 1957, 
Unispirifer (Atylephorus) Sartenaer & 
Plodowski, 1996, and Unispirifer (Septimi- 
spirifer) subgen, nov., and their mutual 
distinctions are discussed below. 
Unispirifer (Unispirifer) Campbell, 1957 
Type species. Spirifer striatoconvolutus Dun & 
Benson in Benson et al., 1920. 
Diagnosis. Medium to large, transverse 
Prospirinae; outline subtrigonal, with width/ 
length ratio generally greater than 1.7; cardinal 
extremities usually mucronate, but also alate or 
angular during part or whole of the ontogeny. 
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Remarks. This subgenus includes those species 
of Unispirifer which are usually much wider than 
long, with mucronate oalate cardinal extremities, 
typically represented by Unispirifer 
striatoconvolutus (Benson & Dun). 
Other species assigned to the subgenus. In addition 
to the type species, the following taxa are also 
placed here: Spirifer bisulcatus Sowerby, 1818; S. 
kozuboensis Minato, 1952; S. baiani Nalivkin, 1937; 
S.forbesi Norwood & Pratten, 1855; Unispirifer 
rundlensis (Warren, 1927); and Unispirifer 
minnewankensis (Shimer, 1926). 
Unispirifer (Unispirifer) xiangshanensis sp. 
nov. (Figs 12A, C-D, F, 13, 15D) 
Material. Three shells with valves conjoined from 
the Xiangshan section. Two of these (NMV 
P307939, holotype, and NMV P307949) are figured, 
and one specimen was sectioned (Fig. 13). 
Diagnosis. Medium-sized species of Unispirifer 
(Unispirifer), transversely semicircular, dense 
cosae, and alate cardinal extremities. 
Description. Slightly ventrobiconvex in shell 
profile; widest at hingeline; holotype measured 
36.0 mm long, 62.0 mm wide and 30.5 mm thick, 
width/length ratio 1.72; cardinal extremities 
mucronate oslightly alate; ears small, triangular. 
Ventral beak small, pointed, incurved, 
overhanging hingeline; interarea moderately 
high, subtriangular to subrectangular in shape, 
slightly concave, apsacline, vertically grooved; 
median sulcus narrow, shallow, but distinct, 
originating at beak as groove, becoming 
shallower and broader anteriorly. Dorsal beak 
strongly incurved, overhanging hingeline; 
interarea low, anacline to slightly orthocline; 
median fold moderately convex, rounded, 
delimited by distinct fold-bounding grooves. 
Costae dense, rounded in cross ection, evenly 
spaced; median sulcal costa strong, originating at 
beak, increasing forward in width and height; pair 
of lateral sulcal costae on each side, originating 
from sulcus-bounding costae by bifurcation; four 
costae on fold; about wenty costae on each flank, 
those closer to sulcus or fold occasionally bifurcate 
once anteriorly, otherwise costae simple; micro- 
ornament consisting of concentric growth lines, 
prominent near anterior margins. Ventral interior 
with small teeth; dental adminicula short, slightly 
diverging. Dorsal interior with striate cardinal 
process (Fig. 13). 
Remarks. The new species resembles U. 
striatoconvolutus (Dun & Benson, in Benson et 
al. 1920, p. 350, pl. 20, figs 7-8) from the Lower 
Carboniferous of New South Wales in eastern 
Australia in shell size and general outline, but the 
latter is distintingushed by its ventrobiconvex 
profile, relatively finer ribbings, and a less 
developed fold and sulcus. Unispirifer 
minnewankensis (Shimer 1926, p. 52, pl. 1, fig.8; 
see also Carter 1987, p. 75, pl. 23, figs 1-12, 22-25) ) 
from the Banff Formation of Mberta, Canada, and 
U.fluctuosus (Glenister 1955, p. 68, pl. 7, figsl-14; 
pl. 8, figs 1-8; Thomas 1971, p. 70, pl. 1, figs 1-6; pl. 
2, figs 1-7; pl. 3, fig. 1; pl. 8, fig. 13; pl. 26, fig. 4; pl. 
28, figs 1-2, 3, 6) from the Laurel Formation of the 
Fitzroy Basin, Western Australia lso approach t e 
new species in general outline and costation, but 
neither can be confused with the new species as 
they both possess a more densely costate fold 
and sulcus. 
Unispirifer (Unispirifer) striatoconvolutus (Dun 
& Benson in Benson etal., 1920) (Fig. 12G-K) 
1920 Spirifera striato-convoluta Dun & Benson (in 
Benson et al.), p. 350, pl. 20, figs 7-8. 
1957 Unispirifer striatoconvolutus (Dun & Benson); 
Campbell, pp. 68-71. pl. 14, figs 1-9. 
1993 Unispirifer striatoconvolutus (Dun & Benson); 
Jiang, pl. 1, figs 1-14. 
1997 Unispirifer striatoconvolutus (Dun & Benson): 
Jiang, pl. 3, figs 12-14. 
Material. One conjoined shell and one ventral 
valve from Wafangjie, and one dorsal valve and 
one ventral valve from the Pumenqian section. 
Three of these specimens are figured (NMV 
P307942 to NMV P307944). 
Remarks. Our material can be fully compared with 
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Fig. 13. Selected serial sections of Unispirifer (Unispirifer) xiangshanensis sp. nov. (based on NMV P307949). 
Unispirifer striatoconvolutus (Dun & Benson) 
(in Benson et al. 1920; see also Campbell 1957, 
p. 68-71, pl. 14, f igs 1-9). Unispir i fer  
theodorovtshi (Fotieva in Donakova & Fotiyeva 
1972; see also Nalivkin 1979, p. 136, pl. 48, figs 
11-15) from the Tournaisian of the Urals cannot 
be confused with the present species as it is 
generally larger, has a greater number of costae, 
and a conspicuous ulcus and fold. Unispirifer 
platynotus (WeUer, 1914, p. 317, pl. 39, figs 1-10; 
see also Nalivkin 1979, p. 137, 48, figs 6-7) also 
resembles some smaller specimens of U. 
striatoconvolutus because they share similarly 
mucronate extremities and costation, but the former 
is smaller, and has more frequently branching costae 
and a narrower ventral median sulcus. 
Like U. striatoconvolutus, U. rundlensis 
(Warren 1927, p. 59, pl. 7, figs 9-10; see also Carter 
1987, p. 76, pl. 24, figs 11-15) has a transverse 
outline, but the Canadian species is distinct from 
the type species in having a smaller size, denser, 
finer ribbing, and a greater number of costae on 
the fold. Some specimens of U. minnewankensis 
(Shimer 1926, p. 52, pl. 1, fig. 8; Carter 1987, pp. 
775-76, pl. 23, figs 1-13, 22-25) also look like U. 
striatoconvolutus in outline and costae, but the 
Canadian species has a relatively lower ventral 
interarea nd a thicker profile. 
Subgenus Unispirifer (Atylephorus) Sartenaer 
& Plodowski, 1996 
Type species. Spirifer tornacensis de Koninck, 1883. 
Diagnosis. Large to very large Prospirinae, 
ventrobiconvex, wider than long, commonly with 
mucronate cardinal extremities; ventral interarea 
apsacline, denticulate, n arly rectangular in 
shape; sulcus and fold indistinct, costate; costae 
flattened, irregularly spaced with capillae; costae 
next to sulcus and fold bifurcate, lateral costae 
on flanks simple. Ventral interior with divergent 
dental flanges and adminicula, short delthyrial 
Fig. 12A-R. A, C-D, F, Unispirifer (Unispirifer) xiangshanensis sp. nov., NMV P307939. holotype, conjoined shell 
in dorsal, ventral, posterior and anterior views. B, L, Podtshermia? aff. thomasi Roberts, 1971, NMV P307940, 
incomplete conjoined shell in dorsal and ventral views. E, N-O, Unispirifer (Atylephorus) aff. tornacensis (de Koninck, 
1883), NMV P307941, incomplete conjoined shell in lateral, ventral and dorsal views. G-K, Unispirifer (Unispirifer) 
striatoconvolutus (Dun & Benson, 1920). G-I, NMV P307942, ventral v ve in ventral, posterior and dorsal views: 
,I-K, NMV P307943 and NMV P307944, dorsal and ventral valve in dorsal and ventral views respectively. M, P-R, 
Unispirifer (Septimispirifer) wafangjieensis sp. ov., NMV P307945, holotype, conjoined sh ll in anterior, ventral. 
dorsal and lateral views. All natural size. 
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plate embedded in thick apical callosity. 
Remarks. The above diagnosis is summarized 
from Sartenaer & Plodowski (1996), who erected 
the monotypic genus based on a re-examination 
of the type specimens of Spirifer tornacensis 
de Koninck, 1883. This is a wide-ranging Early 
Carboniferous pecies and has been widely 
accepted as a Unispirifer species in previous 
studies (e.g. Campbell 1957, Nalivkin 1975, Jin & 
Fang 1983, Xu & Yao 1988). According to 
Sartenaer & Plodowski (1996), however, this 
species is different from typical Unispirifer in its 
larger size, ill-defined median sulcus and fold, 
lower costae with high and well-defined crests, 
more numerous costae in sulcus and on fold as 
well as on flanks (e.g. 2 to 10 costae on each 
flank in Atylephorus, as compared to 1-2, only 
occasionally 3,in Unispirifer). On the other hand, 
we also note that these features, which 
potentially could serve as significant criteria to 
distinguish spiriferid genera, are neverthless 
variable ven within one genus, as also pointed 
out by Sartenaer & Plodowski (1996). For 
example, Sartenaer & Plodowski (1996) 
recognised four different patterns of costation 
in the sulcus and fold among specimens of 
Spirifer tornacensis de Koninck, 1883, implying 
that this feature alone is highly variable even 
within a species. Despite this variation in 
costation, Sartenaer & Plodowski (1996) argued 
that groups of Unispirifer-like species with 
nearly identical internal features may still be 
separable by a combination of size, 
ornamentation a d development of sulcus and 
fold. It is based on this view that we propose 
Atylephorus as a subgenus of Unispirifer; it 
differs from the other two Unispirifer subgenera, 
Unispirifer (Unispirifer) and Unispirifer 
(Septimispirifer)subgen. nov. (see below), in its 
subquadrate to slightly transverse outline with 
mucronate cardinal extremeities, lower and 
flattened costae and indistinct sulcus and fold. 
Unispirifer (Atylephorus) sp. aff. tornacensis 
(de Koninck, 1883) (Fig. 12E, N-O) 
aft. 1883 Spirifer tornacensis de Koninck, p. 386-388, 
pl. 13, figs 1-9. 
aff. 1887 Spirifer tornacensis de Koninck, pp. 110-Ill, 
pl. 25, figs 1-10, 12-13, not 11. 
aff. 1979 Unispirifer tornacensis (deKoninck); Nalivkin, 
p. 136, pl. 46, figs 4-11, 13-15. 
1983 Unispirifer tornacensis (de Koninck); Jin & Fang, 
pp. 145-146, pl. 3, fig. 3. 
aft. 1988 Unispirifer tornacensis (de Koninck); Xu & 
Yao, p. 299, pl. 77, figs 7-15. 
aft. 1996 Atylephorus tornacensis (de Koninck), Sartenaer 
& Plodowski, pp. 60-62, pl. 1, figs 1-10; pl. 2, figs 
11-19; pl. 3, figs 27-41; pl. 4, figs 42-58; pl. 5, figs 
60-73. 
Material. Two incomplete shells with valves 
conjoined and one ventral valve from Wafangjie; 
one (NMV P307941) isfigured. 
Description. Medium-sized shell; semicircular in
outline; cardinal extremities mucronate. Ventral 
valve moderately and evenly convex; beak small, 
incurved, overhanging hingeline; interarea 
broadly triangular, slightly concave, apsacline, 
longitudinally grooved; umbo moderately 
convex, gently sloping to flanks; median sulcus 
shallow, originating at beak as groove, indistinct 
throughtout. Dorsal valve convex; beak small; 
interarea low, acutely triangular, slightly 
concave, apsacline; median fold rounded, well- 
defined by fold-bounding rooves, evenly 
sloping to flanks. 
Costae simple, rounded, closely spaced; 
sulcal costae consisting of a median simple costa 
and two pairs of lateral costae, separated from 
sulcus-bounding costae by bifurcation; 4-6 
costae on fold; 6-7 costae on umbonal regions, 
increasing to about 10 finer costae on each flank; 
micro-ornaments comprising dense concentric 
lamellae and radial lines. Internal features not 
observed. 
Remarks. The specimens described above are 
indistinguishable from those illustrated by Jin & 
Fang (1983) in size, outline and costation pattern 
and are therefore considered conspecific. These 
specimens can be compared closely with 
Unispirifer (Atylephorus) tornacensis (de 
Koninck, 1883), re-described by Sartenaer &
Plodowski (1996) from the Lower Carboniferous 
of Belgium, in all observed features except hat 
the Yunnan material possesses slightly coarser 
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costae and an even more weaker sulcus and fold, 
but this could be adifference of only intraspecific 
significance. Unispirifer (Atylephorus) 
washingtonensis (Weller, 1914, p. 339, pl. 44, figs 
1-14) from the Keokuk Limestone of Illinois, USA 
is also closely allied to the described specimens 
in size, outline and costation, the American 
species however has a smaller number of and 
more widely spaced costae, and a broader ventral 
median sulcus. Compared with U. (Unispirifer) 
striatoconvolutus, the present species is 
characterised by having simple orrarely bifurcate 
costae and indistinct sulcus and fold. 
Unispirifer (Septimispirifer) subgen, nov. 
Type species. Unispirifer septimus Thomas, 1971. 
Etymology. Septimus, for Mount Septimus, 
northwest Australia; spira - coil; fero -to bear, 
Latin; masculine gender. 
Diagnosis. Medium-sized to large Unispirifer 
with slightly transverse tosuboval or semicircular 
outline; cardinal extremities angular, rarely 
mucronate, but never alate throughout ontogeny. 
Remarks. When proposing Unispirifer septimus, 
Thomas (1971) noted that he Australian species 
is more elongate than Spirifer striatoconvolutus, 
a species now (see above) assigned to 
Unispirifer (Unispirifer). In fact, the ratio of 
width/length in Unispirifer septimus is less than 
1.2, whereas that of U. (U.) striatoconvolutus is 
usually greater than 1.7. The shell outline of U. 
septimus i therefore suboval rather than strictly 
transverse as in both Unispirifer (Unispirifer) 
and Unispirifer (A~lephorus). In addition, its 
cardinal extremities are rarely mucronate and 
never alate hroughout ontogeny. We therefore 
propose a new subgenus, Unispirifer 
(Septimispirfer), to accommodate Unispirifer 
septiknus Thomas and several other allied 
species. This group of species appear closer to 
Prospira Maxwell (1954) than typical Unispirifer 
• (Unispirifer) in their subovate outline, but clearly 
differ from the latter in the presence of an ill- 
defined but costate sulcus and fold and in 
containing a greater number of costae on flanks. 
Other species assigned to the subgenus. Spirifer 
strunianus Gosselet, 1879; Spirifer 
subrotundatus McCoy, 1844; Spirifer 
sulomaensis Semichatova, 1942; Spirifer sibileii 
Lapina, 1960; Unispirifer obustus Jin & Fang, 
1983; Spirifer greenockensis Brown, t952; and 
Unispirifer (Septimispirifer) wafangjieensis sp. 
nov. 
Unispirifer (Septimispirifer) robustus Jin & 
Fang, 1983 (Fig. 10A, D) 
1983 Unispirifer robusta Jin & Fang, p. 146, pl. 2, figs 
12-13. 
1997 Unispirifer robusta Jin & Fang; Jiang, pl. 3, fig. 15. 
Material. A complete shell with valves conjoined 
(NMV P307934) and one incomplete ventral valve 
from the Pumenqian section. 
Description. Small species of Unispirifer 
(Septimispirifer); semicircular in outline; nearly 
equally biconvex; cardinal extremities angular to 
subrounded. Ventral valve evenly convex; beak 
incurved, overhanging hingeline; interarea 
slightly concave, broadly triangular; umbo 
gradually sloping to flanks; median sulcus 
originating at beak as a groove, narrow and deep 
at posterior region, becoming shallow and broad 
anteriorly, weakly separated from flanks by 
sulcus-bounding costae. Dorsal interarea low; 
median fold low, rounded, well-defined by fold- 
bounding rooves from flanks. 
Costae coarse, rounded in cross section, 
simple, separated by narrower costal furrows; 
sulcal costae consisting of a low, flattened median 
costa and one pair of lateral costae; median costa 
commencing at beak, increasing anteriorly in width 
and height; sulcus-bounding costae bifurcate 
once anteriorly; about 16 costae on each flank; 
three low, flattened costae on fold. 
Dental plates can be seen from worn umbonal 
region of ventral valve (Fig.10D), short, 
posteriorly reaching valve floor and inserted in 
secondarily thickened shell wall, but suspending 
anteriorly. Dorsal interior with broad, striated 
cardinal process (Fig. 10D). 
Remarks. Our specimen is identical with 
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Unispirifer robustus of Jin & Fang (1983) from 
the same horizon of the same section. Unispirifer 
(Septimispirifer) obustus is distinguishable 
from the other known species of the subgenus 
by its relatively coarse, low and flattened costae. 
The low, flattened costae of U. (Septimispirifer) 
robustus recall Skelidorygma bamberi Carter 
(1987, pp. 82-83, pl. 26, figs 1-6), from which the 
present species can be distinguished by having 
dental plates. 
Unispirifer (Septimispirifer) wafangjieensis sp. 
nov. (Figs 12M, P-R, 14) 
Material. Two complete shells with valves 
conjoined from Wafangie; NMV P307945 is 
selected as the holotype, and NMV P307972 was 
sectioned (Fig. 14). 
Diagnosis. Medium-sized Unispirifer 
(Septimispirifer), subpentagonal in outline with 
subparallel lateral margins; slightly dorsibiconvex 
in profile; ventral interarea high; both sulcus and 
fold indistinct. 
Description. Average size for subgenus; 
holotype 48.5 mm long, 58.5 mm wide and 33.0 
mm thick, widest at hingeline; cardinal extremities 
broadly angular to subangular, but not alate; ears 
broad, flattened, smooth or weakly costate. 
Ventral beak pointed, incurved, overhanging 
hingeline; interarea high, slightly concave, 
apsacline, abruptly truncated at cardinal 
extremities, longitudinally grooved; delthyrium 
somewhat higher than wide, posteriorly sealed 
by several overlapping thin delthyrial plates; 
umbonal region gently convex, venly sloping 
to flanks; sulcus originating at beak, generally 
weak, poorly demarcated from flanks. Dorsal 
valve most convex at umbo; beak small, 
inconspicuous; flanks gently convex, sloping 
evenly to anterolateral margins; interarea very 
low; fold originating at beak, indistinct 
throughout. 
Costae low and rounded, with narrower costal 
furrows; sulcal costae comprising a median costa 
and pair of lateral sulcal costae on each side, the 
latter originating from sulcus-bounding costae 
by bifurcation; about 17-18 costae on each flank, 
occasionally bifurcate; 3-5 costae on fold. 
Teeth small; adminicula short, posteriorly 
divergent but becoming more parallel anteriorly 
(Fig. 14); umbonal region substantially thickened 
with secondary shell material. Cardinal process 
striate; sockets mall; socket ridges thin. 
Remarks. The new species is indistinguishable 
from Unispirifer ( Septimispirifer) greenockensis 
(Brown 1952, pp. 64, 98-99, pl. 4, fig. 5, text-fig. 
14; Carter 1987, pp. 72-74, pl. 25, figs 24-38) in 
terms of overall shell outline and ornamentation, 
but the Canadian species has a more elongate 
outline, a more convex ventral valve, and a more 
pronounced sulcus and fold, and thus can be easily 
separated from the new species. Unispirifer 
(Septimisprifer) sibileii (Lapina, 1960) ofNalivkin 
(1975, p. 188, pl. 84, fig. 7) from the Tournaisian of 
the Urals can be differentiated from the new species 
by its smaller size, more pronounced sulcus and 
fold. Unispirifer ( Septimispirifer) subrotundatus 
(McCoy) of Nalivkin (1975, p. 187, pl. 84, fig. 4) is 
also closely allied to the new species, from which 
the former is distinct in having a slightly smaller 
size, a broader ventral median sulcus that is 
characteristically V-shaped in cross section. 
Spirifer girtyi Carter (1990, p. 241, figs 10.1-10.16) 
from the upper Keokuk Limestone of Missouri s 
comparable with the new species in many general 
respects, but the former has extended hingeline 
with alate to sfightly mucronate cardinal extremities, 
more pronounced fold and sulcus, and a greater 
number (9 to 11) of simple costae in the ventral 
sulcus. 
Unispirifer (Septimispirifer) septimus Thomas, 
1971 (Figs 15R-U) 
1971Unispirifer septimus Thomas, p. 78, pl. 3, fig. 6; 
pl. 5, figs 1-2, 4. 9. 
Material. Four complete shells with valves 
conjoined from the Pumenqian section; NMV 
P307954 is figured. 
Description. Shell relatively small for genus, 
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Fig. 14. Selected serial sections of Unispirifer (Septimispirifer) wafangiieensis sp. nov. (based on NMV P307972). 
elongately ovate to subquadrate in outline, 
widest at hingeline; both valves strongly 
convex; apical angle about 130 °(ventral) to 146 ° 
(dorsal); interarea gently concave, apsacline, 
truncated at cardinal extremities; sulcus 
originating from beak, moderately deep, 
broadening anteriorly, well demarcated from shell 
flanks by sulcus-bounding costae; fold more 
distinct, rounded in cross section; 15-19 simple 
rounded costae on each flank, 6-8 costae in 
sulcus with median costa originating from near 
umbo, costae next to sulcus and fold bifurcate 
once; fine concentric growth lines, radial micro- 
ornament not observed. 
Remarks. This shell agrees well with Thomas' 
(1971) description of the species. The closest 
species to U. (Septirnspirifer) septimus is 
Unispirifer greenockensis (Brown 1952, pp. 64, 
98-99, pl. 4, fig. 5; text-fig. 14; also figured by 
Nelson 1961, pl. 5, figs 11-13 and Carter 1987, p. 
72, pl. 25, figs 24-38) from the BanffFormation f 
Alberta, Canada. However, the Canadian species 
has more mucronate cardinal extremities, a higher 
and more pronounced dorsal median fold, and a 
slightly higher ventral interarea. Thomas (1971) 
compared his species with several Russian 
species, and concluded that the following 
species show broadly comparable costation 
patterns, but differ slightly in shell sizes and 
outlines: Spiriferpentagonus de Koninck, 1887 
and S. ventricosus de Koninck, 1887 from the 
early Tournaisian of the Moscow Basin; S. 
mediocris Tolmatchoff, 1924and S. similis 
Tolmatchoff, 1924 from the Tournaisian of the 
Kuznetsk Basin (Besnossova 1959, Sarycheva 
et al. 1963). Unispirifer (Septimispirifer) 
strunianus (Gosselet, 1879) of Nalivkin (1979, p. 
136, pl. 48, figs 11-15) is imilar in size, outline and 
costation pattern to the present species, but it has 
relatively coarser costae, a deeper ventral sulcus, 
and a pair of strong sulcus-bounding costae. 
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Subfamily PURDONELLINAE Poletaev, 1986 
Podtsheremia Kalashnikov, 1966 
Type species. Podtsheremia prima Kalashnikov, 
1966. 
Podtshermia? aff. thomasi Roberts, 1971 (Fig. 
12B, L) 
aff. 1971 Spiriferidae gen. and sp. nov. cf. 'Spirifer' 
duplicostatus Phillips; Thomas, p. 101-105, pl. 
8, figs 9-11; pl. 29, fig. 8. 
1971 Podtshermia? thomasi Roberts, p. 221-224, pl. 
48, figs 28-30; pl. 49, figs 1-24. 
Material. An incomplete shell with both valves 
conjoined (NMV P307940) from Wafangjie. 
Description. Shell more than 40 mm wide and about 
30 mm long; transversely triangular in outline, 
widest at hingeline; posterolateral margins 
subrounded. Ventral valve moderately convex, 
most convex at posterior third of valve length; umbo 
conspicuously incurved, beak extending beyond 
posterior shoulders ofinterarea. Dorsal beak small, 
incurved, extending a short distance behind hinge; 
interarea low, slightly concave, anacline; median 
fold narrow, originating at beak, increasing in width 
and height forwards, defined by pair of broad 
furrows from flanks; costae coarse, low, broadly 
rounded, 20 on each flank, first five costae next to 
fold bifurcate twice to three times anteriorly; two 
costae on fold commencing at beak, bifurcate 
anteriorly. 
Remarks. The specimen approaches Podtsh- 
eremia? thomasi Roberts, 1971 from the Utting 
Calcarenite and Burvill Beds of the Bonaparte 
Basin, northwestern Australia in all observed 
features although the costae on our specimen 
appear slightly more evenly spaced than in the 
Australian species. As pointed out by Roberts 
(1971), the Austra l ian species was only 
tentatively referred to Podtsheremia based on 
similarity in ornament, and it differs from P. pr/ma 
in its more transverse outline, somewhat rounded 
cardinal extremities, and the absence of a long 
sulcal tongue at the front margin. Another 
northwestern Australian species, P.? humili- 
costata Roberts (1971, p. 217, pl. 48, figs 1-27), is 
smaller and more transverse than P.? thomasi; 
the relatively finer ribs on the fold and in the 
sulcus of P.? humilicostata are also noteworthy. 
Spirifer duplicicostata Phillips (1836, p. 218, 
pl. 10, fig. 1; Davidson 1858, pl. 2, figs 9-11; pl. 3, 
figs 7-10; pl. 4, figs 3-11) from the Vis6an of Europe 
has been assigned to Podtsheremia by 
Kalashnikov (1966). This species bears 
remarkable resemblance toP.? thomasi in shape 
and costation pattern, but is usually transverse 
to subrectangular in outline, and widest at or 
just anterior to the hinge, and has a broad ventral 
median sulcus. Podtsheremia duplicosta of 
Nalivkin (1979, p. 135, pl. 53, fig. 7) from the 
Tournaisian of eastern Kazakhstan, however, has 
coarser costae and a more pronounced median 
sulcus when compared with the present species. 
Family CHORISTITIDAE Waterhouse, 1968 
Subfamily ANGIOSPIRIFERINAE Legrand- 
Blain, 1985 
Brachythyrina Fredericks, 1929 
Type species. Spirifer strangwaysi Vemeuil, 1845. 
Remarks. Brachythyrina is a long-established 
genus with a wide range of morphological 
variations. Among the many species referred to 
this genus, one group, typified by Braehythyrina 
strangwaysi var. long Chao (1929, p. 64, pl. 8, 
figs. 15-16), appears to be well distinguished by 
their relatively small size, subquadrate to 
elongate outline, unlike typical Brachythyrina 
Fig. 15~-U. A-C, E. Brachythyris peculiaris (Shumard, 1855). A-B, NMV P307946, conjoined shell in ventral and 
dorsal views; C, E, NMV P307947. NMV P307948, dorsal and ventral views respectively. D. Unispirifer (Unispiriferl 
xiangshanensis p.nov.. NMV P307949. ventral valve in ventral view, x0.9. F-I-I, J L, Brachythyrina (Longathyrina) 
baoshanensis p. nov. F-H, NMV P307950, paratype, conjoined sh ll in ventral, posterior and dorsal views; J-L, 
NMV P307951. holotype, conjoined shell in dorsal, ventral and lateral views. I, M-N, P, Brachythyrina (Brachythyrina) 
transversa sp. nov., NMV P307952, holotype, conjoined shell in lateral, ventral, dorsal and posterior views, xl.2. O, 
Q, Brachythyrina (Brachythyrina) sp., NMV P307953, conjoined shell in dorsal and ventral views. R-U. Unispirifer 
(Septimispirifer) septimus Thomas. 1971, NMV P307954, conjoined shell in ventral, dorsal, anterior and lateral 
views. All natural size unless otherwise indicated. 
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64 SHI, CHEN & ZHAN ALCHERINGA 
strangwaysi, which is transverse with mucronate 
to alate cardinal extremities. In view of these 
distinctive differences, we herein propose to 
subdivide Brachythyrina into two subgenera: 
Brachythyrina ( Brachythyrina) Fredericks, 1929 
with Brachythyrina strangwaysi Verneuil, 1845 
as the type species, and Brachythyrina 
(Longathyrina) subgen, nov. with Brachy- 
thyrina strangwaysi var. long Chao, 1929 as its 
type. 
Legrand-Blain et al. (1984) and Legrand-Blain 
(1986) had also subdivided Brachythyrina into 
two subgenera, but the single key criterion they 
used was based on micro-ornament rather than 
shell outline. For instance, Legrand-Blain et al.
(1984) proposed Brachythrina (Anthraco- 
thyrina) for its distinctive concentric lamellose 
micro-ornament on the shell surface. This 
subgenus has now been upgraded to genus rank 
(Carter et al. 1994, Legrand-Blain et al. 1996). 
Brachythyrina (Brachythyrina) Fredericks, 1929 
Type species. Spirifer strangwaysi Vemeuil, 1845. 
Diagnosis. Medium to large Angiospiriferinae; 
outline transversely subtrigonal to 
subsemicircular, but always wider than long; 
cardinal extremities conspicuously projecting 
laterally, acute to mucronate inall growth stages. 
Other species assigned to the subgenusare: 
Brachythyrina lata Chao, 1929; Brachythyrina 
carnia (Schellwien, 1892); Brachythyrina 
jakovlevi Ivanova, 1958; and Brachythyrina 
(Brachythyrina) transversa sp. nov. 
Brachythyrina (Brachythyrina) transversa sp. 
nov. (Figs 151, M-N, P, 16) 
Etymology. transversus (latin), referring to the 
transverse outline. 
Material. Two nearly complete shells with valves 
conjoined from Wafangjie; NMV P307952 is 
selected as the holotype and figured, and NMV 
P307974 was sectioned for internal details (Fig. 16). 
Diagnosis. Medium-sized, transversely 
triangular Brachythyrina (Brachythyrina), most 
convex at umbonal regions, flanks flattened and 
triangular, broad; ears mostly smooth. 
Description. Holotype 19.0 mm long, 41.5 mm 
wide and 21.0 mm thick; ventrobiconvex in 
profile; widest at hingeline; cardinal extremities 
strongly extended to slightly alate; ears well 
demarcated from lateral flanks, flattened, broadly 
triangular in shape. Ventral beak small, pointed, 
incurved, overhanging hingeline; interarea high, 
subrectangular in shape, with abruptly 
terminated extremities, slightly concave, 
apsacline, vertically grooved; delthyrium highly 
triangular, open; median sulcus originating at 
beak as a groove, becoming deeper and broader 
anteriorly, but generally not well demarcated from 
lateral flanks. Dorsal beak strongly incurved, 
overhanging hingeline; interarea low, anacline 
to slightly orthocline; median fold moderately 
convex, rounded, delimited by distinct fold- 
bounding rooves from flanks. 
Costae coarse, rounded, evenly spaced, 
usually twice as wide as costal grooves; median 
sulcal costa strong, originating at beak, 
increasing forward in width and height; two 
lateral sulcal costae on each side, originating 
from sulcus-bounding costae by bifurcation; four 
costae on fold, with shallow interspaces; 12 
costae on each flank, those next to sulcus and 
fold occasionally bifurcate, other costae simple; 
costae on inner ears finer than those from those 
on flanks, outer proportions of ears smooth; shell 
micro-ornament ot observed. Ventral interior 
with small teeth and low dental plates. Dorsal 
interior socket ridges thin (Fig. 16). 
Remarks. The new species is indistinguishable 
from B. (Brachythyrina) strangwaysi in its 
transverse outline and costation pattern, but the 
latter usually has somewhat alate cardinal 
extremities, a slightly deeper ventral median 
sulcus, a higher dorsal median fold, and smaller, 
clearly costate ears. Brachythyrina (Brachy- 
thyrina) lata Chao (1929, p. 63, pl. 8, figs 9-14) is 
transverse, like the new species, but can be 
differentiated from the new species by its smaller 
size, slightly deeper ventral median sulcus, a 
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Fig. 16. Selected serial sections of Brachythyrina (Brachythyrina) transversa p. nov. (based onNMV P307974). 
higher dorsal median fold, and relatively less 
extended cardinal extremities. 
Brachythyrina (Brachythyrilm) sp. (Fig. 150, Q) 
Material. One nearly complete shell with valves 
conjoined (NMV P307953) from the Xiangshan 
section. 
Description. Medium-sized shell with 
transversely semicircular outline; v ntribiconvex 
in profile; widest at hingeline; cardinal extremities 
acute to slightly alate; ears triangular, inflated. 
Ventral beak small, pointed, incurved, 
overhanging hingeline; interarea moderately 
high, subrectangular in shape with subparallel 
sides, apsacline, vertically grooved; median 
sulcus narrow, deep, distinct, originating at beak. 
Dorsal beak strongly incurved, overhanging 
hingeline; interarea low, anacline; median fold 
strongly convex, rounded, delimited from flanks 
by distinct fold-bounding rooves, most 
prominent at anterior margin. 
Costae coarse, rounded in cross section, evenly 
spaced; median sulcal costa low, lateral sulcal 
costae absent, fold smooth; 10-11 costae on each 
flank, those next to sulcus or fold occasionally 
bifurcate, other costae simple; shell surfaces near 
ears smooth. Internal features not observed. 
Remarks. The described specimen can be easily 
separated from B. (Brachythyrina) strangwaysi 
by its smaller size and a more trigonal (i.e. less 
transverse) outline. The closest species to our 
specimen isB. (Brachythyrina) lata Chat (1929, 
pp. 63-64, pl. 8, figs. 9-14), both having a
transversely triangular to semicircular outline 
and slightly alate cardinal extremities, but Chao's 
species has a higher ventral interarea nd a 
broader, more densely costate sulcus and fold. 
Brachythyrina (Longathyrina) subgen, nov. 
Type species. Brachythyrina strangwaysi var. 
longa Chat, 1929. 
Etymology. Named for the type species 
Brachythyrina longa; and ina, Latin suffix; 
geneder feminine. 
Diagnosis. Small to medium-sized Brachythyrina 
with subquadrate to elongately oval outline, 
length equal to or greater than width; cardinal 
extremities broadly angular to nearly rectangular, 
never mucronate or alate. 
Other species assigned to the subgenus. 
Brachythyrina beleutica Litvinovitch, 1962; B. 
borochorensis Yang, 1964. 
Brachythyrina (Longathyrina) baoshanense p.
nov. (Figs 15F-H, J-L, 17) 
Etymology. Named for the Baoshan area, where 
these specimens were collected. 
Material. Four shells with valves conjoined from 
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Wanfangie; NMV P307951, holotype, and NMV 
P307951 are figured, and NMV P307973 was 
sectioned (Fig. 17). 
Diagnosis. Medium-sized Brachythyrina; 
subtriangular in outline, with dorsibiconvex 
profile; cardinal extremities nearly square. 
Description. Shell of medium size for genus, 
holotype 19.5 mm long, 24.0 mm wide and 11.5 mm 
thick; subtriangular in outline, widest at hingeline; 
cardinal extremities acute in smaller specimens, 
becoming subrounded to nearly squared in adults; 
dorsibiconvex in profile. Ventral valve moderately 
convex; beak pointed, slightly incurved, 
overhanging hingeline; interarea moderately high, 
broadly triangular, slightly apsacline, vertically 
grooved; delthyrium open; umbo convex, sloping 
evenly to anterolateral margins; median sulcus 
shallow, originating at umbo; sulcus-bounding 
costae distinct. Dorsal valve most convex at umbo, 
sloping evenly to anterolateral margins; beak small, 
incurved; interarea low, apsacline; fold evenly 
convex, originating at umbo, well-defined by fold- 
bounding intercostal furrows from flanks. 
Costae usually coarse, rounded, simple, with 
narrower interspaces; sulcal costae weak, 
comprising median costa and one to two lateral 
sulcal costae on each side; median costa 
originating at beak; lateral sulcal costae derived 
from sulcal-bounding costae; 10-11 costae on 
each flank. 
Ventral interior with strong distinct but low 
dental ridges, adminicula bsent. Dorsal interior 
with convex socket ridges (Fig. 17). 
Remarks. Three species may be compared to the 
new species. Brachythyrina (Longathyrina) 
longa Chao (1929, pp. 64-65, pl. 8, figs 15-18), 
the type species of the subgenus from northwest 
China, shares the general outline and costation 
characteristics with the new species, but it clearly 
differs from the latter by its higher ventral 
interarea and more pronounced fold and sulcus. 
The presence of a deeper ventral median sulcus, 
a higher dorsal median fold, and stronger costae 
distinguishes B. (Longathyrina) borochorensis 
Yang (1964, p. 133,pl. 19,fig. la-c) fromthe late 
Visran of the northern Tienshan, Xinjiang, 
northwest China from the new species. 
Brachythyrina (Longathyrina) beleutica 
Litvinovitch (1962, p. 271, pl. 37, fig. 3) from the 
Lower Carboniferous of central Kazakhstan is 
comparable with the new species in general 
respects, from which the former differs clearly in 
possessing a higher ventral interarea, a more 
strongly costate sulcus and fold, and an 
angularly floored ventral median sulcus. 
In addition, Brachythyrina iouchaensis 
Legrand-Blain (1985, pp. 58-59, pl. 3, figs 30-33) 
from the Visran of Sahara, Algeria also 
approaches the new species in having a 
distinctively triangular outline and simple costae. 
The Sahara species, however, is characterised 
by a highly raised fold, a distinct secondary 
median ridge in the sulcus and a prolonged 
anterior tongue at the anterior margin. 
Superfamily BRACHYTHYRIDOIDEA Fredericks, 
1924 
Family BRACHYTHYRIDIDAE Fredericks, 1924 
Brachythyris McCoy, 1844 
Type species. Spirifer ovalis Phillips, 1836. 
Brachythyris peculiaris (Shumard, 1855) (Figs 
15A-C, E) 
1855 Spirifer? peculiaris Shumard, p.202, pl. C, figs 7a-b. 
1914 Brachythyris peculiaris (Shumard); Weller, pp. 381- 
382. pl. 57, fig. 2: pl. 58. figs 9-20: pl. 83, figs 3-5. 
1971 Brachythyris cf.peculiaris (Shumard); Thomas. 
pp. 121-123, pl. 6, figs 4-5. 
1979 Brachythyris peculiaris (Shumard); Nalivkin. p. 
140, pl. 57. figs 1-5. 7. 
Material. One conjoined shell and one ventral 
valve from the Pumenqian section and two 
conjoined shells from Wafangjie; three of these 
specimens (NMV P307946-NMV P307948) are 
figured. 
Diagnosis. Small species of Brachythyris, nearly 
as wide as long; maximum width at midlength of 
shell; umbo prominent, with broad apical angle 
(90-110 °); sulcus and fold conspicuous; 5-6 
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Fig. 17. Selected serial sections of Brachythyrina (Longathyrina) baoshanensis p.nov. (based on NMV P307976). 
flattened costae on each flank. 
Remarks. Both Brachthyris chouteauensis 
Weller (1909, p. 305, pl. 13, fig. 11) and B. 
burlingtonensis Weller (1914, pp. 371-372, pl. 53, 
figs 8-9; pl. 83, fig. 6) have sometimes been 
identified as the present species (Carter 1999, p. 
129, fig. 18M-X); however, the latter has a broad 
ventral beak, higher ventral interarea, relatively 
wider hingeline, and more prominent costae on 
flanks when compared with the other two 
species. Although B.fernglenensis Weller (1914, 
pp. 372-373, pl. 52, figs 5-11) is also small, like B. 
peculiaris, it is readily distinguishable by its 
transverse and subglobular outline. Brachythris 
planulata Roberts (1971, pp. 241-244, pl. 52, figs 
18-29) from the Tournaisian Calcining Reef 
Limestone of the Bonaparte Basin, northwest 
Australia is similar in outline and plication to B. 
peculiaris, from which the Australian species is 
distinct in its more transverse outline and 
relatively lower ventral interarea. 
The present species also recalls the smaller 
specimens of B. latecardinalis Thomas (1971, pp. 
123-125, pl. 6, figs 3, 6-7; pl. 28, fig. 4), but the latter 
has lower costae, and a broader, deeper ventral 
median sutcus. Brachythyris petrenki Nalivkin 
(1979, p. 142, pl. 52, figs5-7) from the Tournaisian 
of the Urals is similar in many respects to the 
present species, but the Russian species is 
relatively smaller and has higher, more angular 
costae, and fewer costae on each flank. Brachthyris 
ovalis (Phillips, 1836, p. 219, pl. 10, fig. 5) externally 
also approaches B. peculiaris, but the British 
species is longer than wide, and has lower, broader 
costae, and well rounded cardinal extremities. 
Brachythyris chaoi Yang (1964, p. 175, pl. 18, fig. 
4a-b) from the Vis6an of the northern Borochoro 
Mountains of Xiangjiang in NW China differs from 
the present species in being much larger and having 
a broader, smooth ventral median sulcus. 
Superfamily PAECKEI MANEI J.OIDEA Ivanova, 
1972 
Family STROPHOPLEURIDAE Carter, 1974 
Subfamily STROPHOPLEURINAE Carter, 1974 
Acuminothyris Roberts, 1963 
Type species. Acuminothyris triangularis 
Roberts, 1963. 
Aeuminothyris sp. (Fig. 18L, N-O) 
Material. One complete shell with valves 
conjoined (NMV P307960) from Wafangjie. 
Description. Medium-sized shell; outline 
transversely fusiform, much wider than long; 
moderately biconvex in profile; cardinal 
extremities ubangular; widest at hingeline; 
anterior commissure uniplicate. Ventral valve 
moderately inflated; beak small, incurved; median 
sulcus conspicuous, originating at beak, well- 
delineated by prominent sulcus-bounding 
costae; interarea moderately high, slightly 
concave, apsacline, broadly triangular, with 
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Fig. 18A-O. A, E, Syringothyris texta (Hall, 1857), NMV P307955 and NMV P307956, two incomplete conjoined 
shells, both posterior views, E. x0.9. B-C, F-I, M, Syringothyris extenuata (Hall, 1858). B-C, F-I-l, NMV P307957. 
conjoined shell in ventral, dorsal, anterior, posterior and lateral views; I, M, NMV P307958, ventral valve in postero- 
ventral and posterior views, xl.5. D, J-K, Tylothyris laminosa (M'Coy, 1841). NMV P307959. ventral valve in 
dorso-posterior, ventral and ventro-posterior views. L, N, O. Acuminothyris p., NMV P307960, conjoined shell in 
dorsal, posterior, and ventral views. All natural size unless otherwise indicated. 
numerous denticle grooves; delthyrium narrow, spaced growth lamellae, prominent anteriorly, 
higher than wide. Dorsal v ve convex, beak small, about 7-8 in 3 mm at anterior margins. 
incurved; median fold narrow, highly raised, with 
angular crest, commencing at beak, separated Remarks. Compared with the type species, 
from each flank by prominent furrows. Acuminothyris triangularis Roberts (1963, p. 15, 
Costae coarse, simple, angular, 5-6 on each pl. 5, figs 1-8), our specimen is smaller and less 
flank; fold and sulcus non-costate, but each with transverse, but its other diagnostic features well 
a median ridge that originate at umbo and agree with Roberts' definition for the genus. The 
becomes more pronounced near anterior margin; specimen is also closely comparable with 
micro-ornament consisting of fine, regularly Acuminothyris keokuk Carter (1990, p. 236, figs 
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8.1-8.9) in general external morphology except 
for the well-developed median ridge in the sulcus 
and a narrower dorsal median fold. 
Suborder DELTHYRIDINA Ivanova, 1972 
Superfamily DELTHYRIDOIDEA Phillips, 1841 
Family MUCROSPIRIFERIDAE Boucot, 1959 
Subfamily TYLOTHYRIDINAE Carter, 1972 
Tylothyris North, 1920 
Type species. Spirifer laminosa M' Coy, 1841. 
Tylothyris laminosa (M'Coy, 1841) (Fig. 18D, J-K) 
1841 Spirifer laminosa M'Coy, p. 26. 
1844 Cyrtia laminosa (M'Coy); M'Coy, p. 137, pl. 21, 
fig. 4. 
1858 Spirifer laminosa (M'Coy); Davidson, p.36, pl. 7, 
figs 17-20. 
1887 Spirifer laminosa (M'Coy); de Koninck, pp. 103- 
105, pl. 22, figs 44-50; pl. 30, figs 30-31. 
1920 Tylothyris laminosa (Koninck); North, p. 197, pl. 
13. fig. 16. 
1960 Tylothyris laminosa (Koninck); Sarycheva et al., 
pl. 62, fig. 5. 
1983 Spinocyrtia laminosa (Koninck); Jin & Fang, p. 
147, pl. 2, figs 1-3. 
1984 Tylothyris laminosa (M'Coy); Brunton, pp. 77- 
83, figs 108-119. 
Material. One ventral valve (NMV P307959) 
figured and one dorsal valve from Wafangjie. 
Description. Medium size for genus; slightly 
transverse tosubpentagonal in outline; hingeline 
slightly narrower than shell width at shell 
midlength; ventrobiconvex in profile; cardinal 
extremities angular to subrounded. Ventral valve 
highly convex; beak large relative to shell size; 
umbo evenly convex, sloping evenly to 
anterolateral margins; interarea high, slightly 
apsacline; delthyrium high, triangular, one third 
as wide as high; median sulcus distinct, 
originating at beak as groove, increasing abruptly 
in del~th and width at midvalve, defined by 
sulcus-bounding costae from flanks. Dorsal 
valve moderately convex; median fold 
conspicuous, defined by broad and distinct 
furrows from flanks. 
Costae rounded in cross section, simple, with 
narrower, deep interspaces; those on umbo rather 
strong, weakening laterally; about 10 costae on 
each flank; fold and sulcus non-costate. Micro- 
ornament consisting of regular lamellose growth 
lines over both valves. Some details of ventral 
interior observed from delthyrium (Fig. 18D), 
stegidial plates united, fiat, short, confined to 
posterior part of delthyrium; other internal details 
not observed. 
Remarks. Comparable specimens from the same 
section were assigned to "Spinocyrtia" laminosa (de 
Koninck) by Jin & Fang (1983) without realising that 
de Koninck's species had been selected as the type 
species of Tylothyris by North (1920). Besides, 
Spinocyrtia Fredericks, 1916 has also been regarded 
as a synonym of Cyrlina Davidson, 1858 (Brunton 
1984,p. 83). 
The Yunnan specimens (including those figured 
by Jin & Fang 1983) can be fully compared with T. 
laminosa although the neotype of the latter, 
selected by Brunton (1984, fig. 108), appears slightly 
more transverse in outline and has more alate 
cardinal extremities and a relatively broader and 
deeper ventral median sulcus. Tylothyris 
planimedia Cvancara (1958, pp. 876-879, pl. 113, 
figs 1-5) from the late Visran to early Namurian of 
New South Wales and the late Tournaisian of
central Elburz Mountains, Iran (Gaetani 1968) 
superficially resembles the described material in 
size, outline and ornamentation, but Cvancara's 
species cannot include our specimens as it has 
more angular costae and a ventral median sulcus 
with fiat floor. Tylothyris transversa Roberts (1971, 
pp. 224-228, pl. 50, figs 1-9) differs from our material 
in having a more transverse outline, more 
prominent micro-ornaments, and a lower ventral 
interarea. Brunton (1984) considered that none of 
the North American species closely resembles T.
laminosa, although T. brevauria Carter (1967, pp. 
358-362, pl. 35, figs 1-9) also has a distinct 
myophragm in the ventral valve. 
Order SPIRIFERINIDA Ivanova, 1972 
Suborder SPIRIFERINIDINA Ivanova, 1972 
Superfamily SYRINGOTHYRIIX)IDEA Fredericks, 
1926 
Family SYRINGOTHYRIDIDAE Fredericks, 1926 
Subfamily SYRINCJOI/4YRff)INAE Fmdericks, 1926 
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Syringothyris Winchell, 1863 
Type species. Syringothyris typa Winchell, 1863. 
Syringothyris texta (Hall, 1857) (Figs 18A, E) 
1857 Spirifer textus Hall, p. 169. 
1875 Spirifer cateri Meek, p. 285, pl. 14, figs 7a-d. 
1895 Syringothyris texta (Hall); Hall & Clarke, pl. 26, 
figs 9, 12; pl. 27, figs 4-t2. 
1914 Syringothyris texta (Hall); Weller, pp. 399-401, 
pl. 69, figs 6-9; pl. 70, figs 1-4; pl. 71, figs 1-2. 
1963 Syringothyris texta (H ll); Sarycheva et al., p. 273, 
pl. 45, figs 1-5. 
1983 Syringothyris texta (Hall); Jin & Fang, p. 146, pl. 
2, figs 22-23. 
1995 Syringothyris texta (Hall); Qian & Roberts, p. 272, 
fig. 11A-G. 
1997 Syringothyris texta (H ll); Jiang, pl. 4, figs 3, 5-6. 
Material. Two incomplete shells with valves 
conjoined (NMV P307955 and NMV P307956) 
from the Pumenqian section. 
Remarks. The two specimens agree fully with 
Weller's (1914) description and illustrations of 
the species. Syringothyris fontanalis Roberts 
(1971, pp. 249-251, pl. 54, figs 5-18) and S. 
cuspidata (Martin) of Weller (1914, pl. 73, figs 1- 
5) and Diener (1915, pp. 9-10, pl. 1, figs 6-8) are 
comparable with t e present species in overall 
appearance, but have a concave ventral interarea 
and weak accessory costae in the ventral median 
sulcus, features not seen in S. texta. 
Syringothyris lydekkeri (Diener 1899, pl. 3, figs 
1-11; 1915, pl. 4, figs 3-6; Bion 1928, pl. 3, figs 9- 
14) from the Lower Carboniferous of the 
Himalaya lso has a subpyramidal outline and a 
smooth median sulcus, like S. texta, but can be 
differentiated byhaving a lower ventral interarea 
and more alate cardinal extremities. 
Syringothyris afghanica Plodowski (1968, p. 252, 
pl. 1, fig. 13; 1970, p. 27-32, pl. 9, figs 1-3) from 
the Vis6an to Namurian of Afghanistan also 
approaches S. tecta externally, from which the 
Afghani species is distinguished by possessing 
a slightly concave ventral interarea and a larger, 
more strongly incurved ventral beak. 
Externally, S. texta differs: from S. hannibal- 
ensis (Swallow) of Weller (1914, p. 388, pl. 68, 
figs 1-7), in having a proportionately more 
elongate outline and a flat, higher ventral 
interarea; from Syringothyris distans (Sowerby), 
as figured by Davidson (1858, pl. 8, figs 1-4, 7, 9, 
12-13) in lacking accessory costae in the ventral 
median sulcus; from S. australis Maxwell (1954, 
pp. 41-42, pl. 5, figs 1-4) by its subpyramidal 
outline, higher and flattened ventral interarea, 
and less acute cardinal extremities; from S. spissa 
Glenister (1955, pp. 70-71, pl. 7, fig. 15; pl. 8, fig. 
9; Thomas 1971, pp. 131-134, pl. 9, figs 6-7; pl. 7, 
figs 1-5; pl. 31, fig. 3) andS.feruglioiAmos (1957, 
pp. 103-104, pl. 18, figs 1-7) as the latter two 
exhibit a relatively lower, slightly concave ventral 
interarea; nd from S. altaica (Tolmatchoff 1924, 
p. 162, pl. 8, figs 9-11; pl. 9, fig. 1; Sarycheva et 
al. 1963, pp. 273-274, pl. 46, figs 1-4; pl. 47, figs 1- 
2) which has a concave ventral interarea nd 
finer costae on flanks. 
Syringothyris extenuata (Hall, 1858) (Fig. 18B- 
C, F-I, M) 
1858 Spirifer extenuata H ll, p. 520, pl. 7, fig. 6. 
1900 Syringothyris extenuata (Hall); Weller, pp. 77-80, 
pl. 2, fig. 1-3. 
1914 Syringothyris extenuata (H ll); Weller, pp. 386- 
388, pl. 72, figs 5-12. 
1988 Syringothyris extenuata (Hall); Carter, p.70, fig. 
23.1-23.20. 
Material. One conjoined shell (NMV P307957) 
and one ventral valve (NMV P307958) from 
Wafangjie. 
Remarks.  Apart from the broken cardinal 
extremities, most of the observed etails of the 
Yunnan specimens can be fully compared with 
S. extenuata (Hall), as described and figured by 
Weller (1914) and Carter (1988). Weller (1900) 
differentiated S. extenuata from S. halli Winchell, 
1863 by its larger size, angular cardinal extremities, 
and more procline interarea. Syringothyr is  
hannibalensis (Swallow, 1860) of Plodowski 
(1970, pp. 38-40, pl. 9, fig. 4) is comparable with 
S. extenuata in size, outline and ventral interarea, 
from which it differs in its more strongly costate 
flanks and relatively narrower ventral median 
sulcus. 
Order RHYNCHONELLIDA Kuhn, 1949 
Superfamily STENOSCISMATOIDEAOehlert, 1887 
Family ATRIBONIIDAE Grant, 1965 
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Subfamily PSILOCAMAR1NAE Grant, 1965 
Careoseptum Carter & Poletaev, 1998 
Type species. Careoseptum septentrionalis 
Carter & Poletaev, 1998. 
Careoseptum tibetensis (Yang & Fan, 1983) (Fig. 
19A-D) 
1983 Pugnax tibetensis Yang & Fan, p. 275. pl. 2, figs 9-11. 
Material. One conjoined shell (NMV P307961) 
from the Pumenqian section. The specimen was 
posteriorly polished to reveal internal structures. 
Description. Medium-sized shell with 
pentagonal outline; dorsibiconvex in profile; 
anterior commissure uniplicate; cardinal 
extremities rounded. Ventral valve moderately 
convex; beak small, incurved, suspending above 
dorsal umbo; umbo slightly convex, flattened 
posteriorly; umbonal slopes steep; median 
sulcus originating anterior to umbo, shallow, 
inconspicuous, increasing anteriorly in width 
and depth, forming a broad lingular extension at 
anterior margin. Dorsal valve strongly convex, 
most convex at anterior part of fold; beak small, 
indistinct; median fold with rounded crest in 
cross section, commencing anterior to umbo, 
becoming most pronounced at anterior margin. 
Sulcus, fold and lateral flanks smooth. Teeth 
small, indistinct; dental plates slender, buried in 
thickened shell walls; septalium absent; crura 
moderately ong, hook-shaped. 
Remarks. Externally, our specimen fits well within 
"Pugnax" tibetensis of Yang & Fan (1983) and 
also several other genera. When reporting the 
species, Yang & Fan (1983) did not describe nor 
figure its internal features, rendering the generic 
identity uncertain. Compared with P. acuminata 
(Sowerby in Sowerby & Sowerby, 1822), type 
species of Pugnax, the Tibetan species is smaller, 
has a broader, shallower ventral median sulcus, 
a relatively lower dorsal median fold and lacks a 
ventral anterior tongue, which is most diagnostic 
of Pugnax, so cannot be assigned to Pugnax. 
The present species can also be compared with 
the Lower Carboniferous Shumardella Weller 
(1910, p. 512) and the Moscovian Exlaminella 
Carter & Poletaev (1998, p. 142) in overall external 
appearance, but these two genera are 
characterised by a strongly ribbed ventral 
median sulcus and completely different internal 
structures. 
On the other hand, both the Tibetan and 
Yunnan specimens closely resemble 
Careoseptum septentrionalis C rter & Poletaev 
(1998, p. 139, figs 8.5-8.16, 10) from the Atokan 
(late Bashkirian or early Moscovian) Hare Fiord 
Formation of Arctic Canada in all observed 
features, especially internal details. However, 
there are some notable differences between the 
two, including a more rounded ventral median 
sulcus and a more highly raised dorsal median 
fold in C. septentrionalis. 
Superfamily RHYNCHOTREMATOIDEA 
Schuchert, 1913 
Family TRIGONIRHYNCHIIDAE Schmidt, 1965 
Subfamily RIPIDIORHYNCHINAE Savage, 1996 
Hemiplethorhynchus Peetz, 1898 
Type species. Hemiplethorhynchus fallax Peetz, 
1898. 
Hemiplethorhynchus? sp. (Fig. 19E) 
Remarks. A ventral valve (NMV P307962) from 
the Pumenqian section likely suggests the 
presence of Hemiplethorhynchus in our 
collections. It is characterised by a suboval to 
subtriangular outline, a moderately developed 
median sulcus, and dense costae, eight of which 
occur in the sulcus and 6-7 on each flank. The 
costae in the sulcus originate at beak and 
bifurcate at the midvalve, and those on flanks 
are simple. Externally, this specimen approaches 
Hemiplethorhynchus, butlack of internal details 
hinders any certain determination even at generic 
level. The size and shape ofthe specimen issimilar 
to H. allani (Warren 1932, p. 244, pl. 2, figs 12- 
15; Carter 1987, p. 41, pl. 13, figs 13-37) from the 
Banff Formation of Alberta, Canada, but our 
specimen has distinctively bifurcating costae in 
the sulcus, not seen in the Canadian species. 
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A B C D 
E 
Fig. 19A-L. A-D, Careoseptum tibetensis (Yang & Fan, 1983), NMV P307961, conjoined shell in dorsal, ventral, 
lateral and anterior views. E, Hemiplethorhynchus? sp., NMV P307962, dorsal valve in dorsal view. F-,I, Rotaia sp. F, 
It-J, NMV P307963, conjoined shell in ventral, anterior, lateral and posterior views; G, NMV P307964, dorsal valve 
in dorsal view. K-L, Rotaia subtrigona (Meek & Worthen, 1861), NMV P307965, conjoined shell in ventral and 
dorsal views. All natural size. 
Hemiplethorhynchus xizangensis Yang & Fan 
(1983, p. 274, pl. 2, figs 4-5) from the Visran of the 
Xainza area, Tibet, is also comparable in overall 
appearance but is smaller and contains fewer 
costae in the sulcus. 
Superfamily RHYNCHOTETRADOIDEA 
Likharev in Rzhonsnitzkaya, 1956 
Family TETRACAMERIDAE Likharev in 
Rzhonsnitzkaya, 1956 
Rotaia Rzhonsnitzkaya, 1959 
Type species. Rhynchonella subtrigona Meek 
& Worthen, 1860. 
Rotaia sp. (Figs 19F-J, 20) 
Material. One conjoined shell (NMV P307963) 
and one dorsal valve (NMV P307964) from 
Wafangjie. NMV P307963 was sectioned to reveal 
internal details (Fig. 20). 
Description. Large for genus, with transversely 
pentagonal outline; dorsibiconvex in lateral 
profile; anterior commissure uniplicate; cardinal 
extremities broadly angular. Ventral valve gently 
convex posteriorly; lateral slopes moderately 
steep; beak small, suberect, sharply pointed; 
median sulcus shallow posteriorly, increasing in 
width and depth anteriorly, forming a lingual 
extension at front. Dorsal valve strongly convex, 
most convex at anterior region f fold; lateral 
profile semicircular to subtrigonal; flanks 
moderately convex; beak small, strongly 
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incurved. Costae coarse, simple, rounded, 
originating at beaks, abruptly increasing 
anteriorly in width and height; 7 costae in sulcus, 
8 on fold, 3-4 on each flank. 
Ventral interior with ventrally converging 
dental plates, forming a spondylium anteriorly; 
spondylium supported posteriorly by two lateral 
buttress plates. Dorsal interior with deep 
septalium supported by high median septum; 
crural bases extending ventro-medianly; crura 
wedge-shaped, flattened, subparallel (Fig. 20). 
Remarks. Compared with t e type species R. 
subtrigona (Meek & Worthen 1860, p. 451; 1866, 
p. 251, pl. 18, fig. 7) our specimens are slightly 
larger and more transverse, and have a more 
pronounced sulcus and fold, and coarser costae. 
A specimen referred to Rotaia sp. by Carter (1967, 
pp. 304-306, pl. 26, figs 9a-e) from the Chappel 
Limestone of central Texas resembles the Yunnan 
specimens inornament and outline, but it is small 
and less transverse when compared with our 
material. Specimens assigned to Rotaia 
dowhatensis (Diener, 1915) by Waterhouse &
Gupta (1977, p. 165, pl. 3, figs 9-13) can be 
distinguished from the Yunnan specimens by its 
smaller size and more elongate outline, and having 
three costae in the sulcus and four on the fold. 
Both R. sibirica (Rot~ 1938, p. 27; Sarycbevaetal. 
1963, p. 254, pl. 41, figs 7-11) and R. kusbassi (Rotal 
1938, p. 32; Sarycheva etal. 1963, p. 255, pl. 41, figs 
12-15) from the upper Visran to lower Namurian 
beds of the Kuznetsk Basin cannot include the 
Yunnan specimens as they are more elongate and 
embrace a greater number of costae. An internal 
mould described as Rotaia sp. by Tazawa (1996, p. 
8, fig. 4a-b) from the lower Hikoroichi Formation of 
the South Kitakami Mountains, Japan is different 
from the Yunnan material in having a much more 
elongate outline and a shallower ventral median 
sulcus. Overall, our specimens may represent a new 
species, but it cannot be formally named due to 
insufficient material. 
Rotaia subtrigona (Meek & Worthen, 1861) (Figs 
19K-L) 
1861 Rhynchonella subtrigona Meek & Worthen, p. 
451. 
1866 Camarophoria subtrigona (Meek & Worthen); 
Meek & Worthen, p. 251, pl. 18, fig. 7. 
1914 Tetracamera subtrigona (Meek & Worthen): 
Weller, pp. 218-219, pl. 29, figs 1-13. 
1963 Rotaia subtrigona (Meek & Worthen); Sarycheva 
et aL, pp. 253-254, pl. 41, fig. 6. 
1964 WeIIera? subtrigona (Meek & Worthen); Yang, p. 
107, pl. 13, fig. 1. 
1966 Rotaia subtrigona (Meek & Worthen); 
Gretchischnikova, p. 120, pl. 9, figs 13-18. 
1976 Rotaia subtrigona (Meek & Worthen); Bublichenko, 
p. 79, pl. 8, fig. 9; fig. 20, figs 1-3. 
Material. One incomplete shell with valves 
5 mm 
0 
1.1 1.4 1.9 2.3 2.8 
3.1 3.4 3.8 4.5 
Fig. 20. Selected serial sections of Rotaia sp. (based on NMV P307975). 
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Ib/b 
A B C 
F G H I 
L M N 
Fig. 21A-Q. A-D, l-l-J, Girtyella wafangjieensis p. nov. A-C, J, NMV P307966, holotype, conjoined shell in 
ventral, dorsal, lateral and anterior views, xl.2; D, l-l-I, NMV P307967, conjoined shell in lateral, dorsal and ventral 
views, xl.2. E-G, K, Composita athabaskensis Warren, 1932, NMV P307968, conjoined shell in lateral, ventral, 
dorsal and anterior views. L-N, Cleiothyridina tenuilineata (Rowley, 1900), NMV P307969, conjoined shell in dorsal, 
lateral and ventral views. O-Q, Cleiothyridina minilya Thomas, 1971, NMV P307970, conjoined shell in dorsal. 
ventral and lateral views. All natural size unless otherwise indicated. 
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conjoined (NMV P307965) from Wafangjie. 
Remarks. Our specimen is essentially the same 
as R. subtrigona s re-described and illustrated 
by Weller (1914) from the Keokuk and Burlington 
Limestones of Illinois and Missouri, USA. Rotaia 
sibirica (Rotai, 1938, p.27; Sarycheva etal. 1963, 
pp. 254-255, pl. 41, figs 7-11) differs from the 
present species by its larger size, slightly 
elongate outline and a greater number of costae 
in the ventral sulcus and on the dorsal fold. 
Compared with R. subtrigona, R. kusbassi (Rotai 
1938, p. 32; Bensnossova etal. 1962, pl. 165, pl. 
16, fig. 8; Sarycheva etal. 1963, pp. 255-256, pl. 
41, figs 12-15) possesses more costae, which are 
also more angular in crests. Rotaia dowhatensis 
(Diener, 1915, p. 45, pl. 5, figs 1-4) from the 
Fensella Limestone (Serpukhovian) ofKashmir 
and the Vis6an of Selong, southern Tibet (Yang 
& Fan 1983, p. 274, pl. 2, figs 12-14) can be 
differentiated from the present species by its 
smaller size and fewer costae across the shell. 
Order ATRYPIDA Boucot, Johnson & Staton, 1964 
Suborder ATHYRIDIDINA Boucot, Johnson & 
Staton, 1964 
Superfamily ATHYRIDOIDEA Davidson, 1861 
FamilyATHYRIDIDAE Davidson, 1861 
Subfamily ATHYRIDINAE Davidson, 1861 
Composita Brown, 1849 
Type species. Spirifer ambiguus Sowerby in 
Sowerby & Sowerby, 1823. 
Composita thabaskensis Warren, 1932 (Figs 
21E-G~ K) 
1932 Composita athabaskensis Warren, p. 248, pl. 2, 
figs 5-11. 
1961 Composita athabaskensis Warren; Nelson, pl. 4. 
figs 7-11. 
1987 Composita athabaskensis Warren; Carter, pp. 61- 
62, pl. 21, figs 17-36. 
Material. One conjoined shell (NMV P307968) 
from Wafangjie. 
Diagnosis. Medium-sized Composita, with 
subpentagonal to subchordate, emarginate 
outline; lateral profile guttate; ventral valve 
usually being slightly longer than dorsal valve; 
ventral beak short, slightly incurved; foramen 
small; fold usually absent, or very weakly 
developed only at anterior margin; median sulcus 
anteriorly flaring in anterior portion of shell. (new 
diagnosis). 
Remarks. This is a well known species in North 
America (Carter 1987) with highly variable 
proportions. Nevertheless, the emarginate, 
subpentagonal to subchordate outline and the 
absence of a dorsal fold are relatively consistent 
characteristics that differentiate he species from 
other members of the genus. Composita 
athabaskensis differs rom C. immatura (Girty 1899, 
p. 566, pl. 71, fig. 5; Carter 1987, p. 64, pl. 20, figs 29- 
44) from USA and Canada in having a 
subpentagonal outline, a thinner and more lenticular 
lateral profile, an angular ventral median sulcus, 
and a larger ventral beak; and from C. prolixa Carter 
(1987, p. 66, pl. 20, figs 13-28) from the Banff 
Formation of Alberta, Canada as the latter is 
longitudinally subovate in outline and has a 
relatively thinner lateral profile, and a shallower 
ventral median sulcus. The difference between C. 
oblonga (Tolmachoff 1931, p. 551, pl. 6, figs 33-36) 
and C. athabaskensis is mainly that the former is 
more elongate and has a more strongly convex 
ventral valve and a lower dorsal median fold and a 
shallower ventralmedian sulcus. 
Cleiothyridina Buckman, 1906 
Type species. Atrypa pectinifera Sowerby in 
Grant, 1840. 
Cleiothyridina tenuilineata (Rowley, 1900) (Figs 
21L-N, 22) 
1900 Athyris tenuilineata Rowley, p. 25, pl. 5, figs 31- 
33. 
1914 Cleiothyridina tenuilineata (Rowley); Weller, p. 
478, pl. 80, figs 1-12. 
1937 Cleiothyridina tenuilineata (Rowley); Nalivkin, p. 
126, pl. 38, figs 7, 8. 
1967 Cleiothyridina tenuilineata (Rowley); Carter, pp. 
344-347, pl. 16, figs 8-13. 
1981 Cleiothyridina tenuilineata (Rowley); Jin & Sun, 
p. 151, pl. 9, fig. 9-12. 
1987 Cleiothyridina tenuilineata (Rowley); Carter, p. 
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60, pl. 20, figs 1-12. 
Material. One conjoined shell (NMV P307969) 
from the Xiangshan section, which was also 
posteriorly polished to reveal internal details. 
Description. Average size for Cleiothyridina; 
subcircular to subelliptical inoutline; subequally 
biconvex, with lenticular profile; rectimarginate 
or slightly uniplicate anterior commissure; fold 
and sulcus absent; ventral beak occasionally 
slightly elongate. Ventral interior with broad 
teeth; dental plates short, diverging; dorsal 
interior with large and subquadrate hinge plates; 
crura broad, flattened, attached to anterolateral 
edges of hinge plate (Fig. 22). 
Remarks. Cleiothyridina glenparkensis Weller
(1914, p. 473, pl. 78, figs 21-24) from the 
Mississippian of the Mississippi Valley, USA is 
similar in outline and lateral profile to the present 
species, from which it differs in having a much 
larger size and a shorter ventral beak. 
Cleiothyridina kusbassica Beznosova (in 
Sarychevaetal., 1963, p. 319, pl. 60, figs 14-15) 
from the Kuznetsk Basin and the Lower 
Carboniferous of northern Iran (Gaetani 1965, p. 
745, pl. 74, figs 5-6; 1968, p. 711-712, pl. 49, figs 6-7) 
is readily distinguishable from the present species 
by its large size. Cleiothyridina grandis Yang (1978, 
p. 128, pl. 38, figs 7-10) can be separated from the 
present species by its more circular outline and 
strongly incurved ventral beak. 
OeioltlytidinaminilyaThomas, 1971(Figs210-Q) 
1971 Cleiothyridina minilya Thomas, pp. 180-183, pl. 
23, figs 6-11, 13. 
1971 Cleiothyridina minilya Thomas; Roberts, pp. 183- 
186, pl. 40, figs 1-15. 
Material. One conjoined shell (NMV P307970) 
from the Xiangshan section. 
Diagnosis. Medium-sized Cleiothyridina, 
outline varying from elongately oval in juveniles 
to transversely oval in adults, widest at 
midlength; umbo prominent with slightly concave 
umbonal slopes; apical angle 110-130°; fold and 
sulcus moderately developed. 
Remarks. The Yunnan specimen agrees fully with 
Cleiothyridina minilya Thomas, 1971 (see also 
Roberts 1971). Thomas (1971 ) distinguished C. 
minilya from C. gloveri Thomas (1971, p. 184, pl. 
24, figs 1-10, 14; text-figs 71-72; see also Roberts 
1971, pp. 184-186, pl. 24, figs 1-10, 14) on the 
basis of shell size, outline and development of
sulcus and fold, as the latter is clearly smaller, 
has a rounded to transversely ovate outline, and 
a pronounced fold and sulcus which extends 
forward and dorsally as a broad and conspicuous 
lingual tongue. Further, Roberts (1971) noted that 
C. minilya has a varied outline at different growth 
stages, but always has a lower dorsal fold and a 
deeper ventral sulcus compared to C. gloveri. 
Thomas ( 1971) separated C.minilya from C. 
obmaxima McChesney, 1860, as described and 
figured by Weller (1914, pl. 79, figs 1-11) from the 
Fern Glen Formation of Illinois and the Keokuk 
Limestone of Iowa, by its smaller size, shallower 
ventral sulcus. Specimens referred to C. 
obmaxima McChesney by Yang (1964, pl. 3, figs 
22-24) from the Tournaisian Tangbagou 
Formation of Guizhou, South China are 
comparable with the present species, from which 
the South Chinese material is distinguishable in 
having a deep ventral median sulcus and a higher 
dorsal median fold. 
According to Thomas (1971), C. minilya is 
much smaller than C. glabristria (Phillips, 1836) 
from Bolland in Yorkshire. Silicified specimens 
referred to C. fimbriata (Phillips, 1836) by 
Brunton (1984, p. 53, figs 53-66) differ from C. 
minilya in having a more elongate outline in 
juveniles and a subcircular, less transverse 
outline in adults, and more convex dorsal valve. 
Order TEREBRATULIDA Waagen, 1883 
Suborder TEREBRATULIDINA Waagen, 1883 
Superfamily DIELASMOIDEA Schuchert, 1913 
Family CRANAENIDAE Cloud, 1942 
Subfamily GIRTYELLINAE Stehli, 1965 
Girtyella Weller, 1911 
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5mm 
0.3 0.5 0.7 0.8 0.9 
1.1 1.2 1.3 1.5 
Fig. 22. Selected serial sections of Cleiothyridina tenuilineata (Rowley, 1900) (based on NMV P307969). 
Type species. Harttina indianensis Girty, 1908. 
Girtyella wafangjieensis p. nov. (Figs 21A-D, 
H-J,23) 
Etymology. Named for Wanfangjie where the 
material was originally collected. 
Material. Two complete shells with valves 
conjoined (NMV P307966, NMV P307967) from 
Wafangjie. NMV P307966 is selected as holotype, 
and NMV P307967 was sectioned (Fig. 23). 
Diagnosis. Medium to large Girtyella, ovate to 
subpentagonal outline with maximum width 
placed one-third shell length from umbo; 
foramen large relative to shell size. 
Description. Holotype 13 mm long, 10.5 mm 
wide and 8.5 mm thick; moderately biconvex; 
widest at anterior one-third of shell length; 
anterior commissure rectimarginate to gently 
uniplicate; cardinal extremities rounded. 
Ventral valve most convex at umbo, sloping 
evenly to lateral margins and gently 
longitudinally, but usually more steeply near 
anterior margin; beak small, pointed, istinct, 
incurved, suspending above dorsal umbo; 
apical angle about 75-85°; foramen 
permesothyrid, 2-3 mm in diameter; pedicle 
collar well-defined; median sulcus mostly 
absent, although may appear as a very faint 
median depression at near anterior margin. 
Dorsal umbo evenly convex, sloping evenly 
to lateral and posterior margins; median fold 
absent. 
Teeth large, curved, divergent, supported by 
strong disjunct dental plates; median ridge low, 
weak, extending tomidvalve. Dorsal interior with 
deep sockets; outer socket ridges long, nearly 
5 mm 
1.5, 1.9 2.7 3.2 
4.3 3.7 3.5 
Fig. 23. Selected serial sections of Girtyella 
wafangjieensis p. nov. (based on NMV 
P307967). 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
3:
38
 1
1 
Ma
y 
20
09
78 SHI, CHEN & ZHAN ALCHERINGA 
parallel to hingeline; inner socket ridges rather 
short; crural plates triangular, converging and 
united medially, supported by median septum 
extending to midvalve (Fig. 23). 
Remarks.  The umbonal features and the form 
of the hinge plates of the Yunnan specimens 
are comparab le  with those of  Gir tye l la .  
Compared with the type species as f igured by 
Weller (1914, p. 275, pl. 34, figs 1-24), the new 
spec ies  can be d is t ingu ished  by  its 
proport ional ly large permesothyr id foramen 
and an absence or nearly so of the ventral 
median sulcus. Girtyel la injensis Besnossova 
(in Sarychvea et al. 1963, p. 333, pl. 63, fig. 5) 
and G. to lmatchowi  Besnossova (in Sarychvea 
et al. 1963, p. 334, pl. 63, figs 6-7), both from 
the Early Carboniferous of the Kuznetsk Basin, 
Siberia are similar to the present species in 
hav ing  an e longate  out l ine ,  a s t rong ly  
incurved ventral beak and a large, prominent 
fo ramen,  but  they  are smal le r  and 
proportionally thicker in the lateral profi le than 
the present species. Specimens referred to G. 
f lora (Winchell, 1870) by Hyde (1953, pp. 256- 
258, pl. 22, figs. 1-20) is externally s imilar to 
the new species in general respects,  but it 
lacks a spondyl ium in the dorsal valve. 
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